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INTRODUCTORY. 

In  an  analysis  of  the  sarf^ftce  characteristics  of  Missouri 
the  broad,  gently  nndalating,  upland  plain  appears  as  the  most 
conspicuous  and  prevalent  feature.  Its  soil  produces  the 
greater  part  of  the  state's  wealth.  Within  its  limits  the  greater 
portion  of  the  population  of  the  state  resides.  Over  it  all  the 
chief  lines  of  communication  pass.  To  the  tourist  who 
traverses  the  state  by  way  of  any  of  the  principal  railway  lines 
it  is  almost  the  only  prominent  feature  that  is  presented. 

The  variations  in  surface  features  have  had  a  remarkable 
influence  on  the  settlement  of  the  state  and  in  the  distribution 
and  character  of  its  industries.  The  deeply  dissected  and 
mountainous  districts  in  the  southeast  eaily  lured  the  mineral- 
seeking  and  adventurous  French. 

A  little  later  the  alluvial  lands  along  the  Mississippi  and 
lower  Missouri  attracted  an  agricultural  people.  The  unsur- 
passed fertility  of  the  soil,  the  super-abundance  of  all  kinds  of 
game  and  fish,  and  the  excellent  facilities  for  transportation  to 
market,  soon  created  among  the  people  a  general  ease  and 
luxury  that  was  unknown  elsewhere  in  the  region.  Under 
such  circumstances,  with  the  natural  character  and  the  prevail- 
ing religion,  the  inhabitants  were  rapidly  pushed  aside  by  the 
more  energetic  and  sturdy  emigrants  from  the  upper  Tennessee 
and  Ohio,  who  came  to  share  the  productive  lands. 

After  the  passage  of  the  territory  into  the  hands  of  the 
United  States  government  the  earliest  settlers  were  back- 
woodsmen from  the  mountainous  parts  of  Tennessee,  Kentucky, 
Virginia  and  the  Garolinas.  Soon,  however,  the  wide  fertile 
plains  bordering  the  Missouri  attracted  the  tobacco  growers 
of  Virginia  and  the  hemp  producers  of  Kentucky.  These 
planters  constituted  the  ruling  class  in  their  old  homes  and 
when  transplanted  they  still  continued  to  exercise  their  old 
powers.  They  were  men  of  considerable  culture  and  political 
experience.  They  constituted  for  many  years  the  wealth- 
producers  of  the   state.    They  organized  and   nurtured   the 
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young  commonwealth  until  it  had  grown  to  vigorous  manhood. 
Until  within  the  last  generation  they  constituted  the  state's 
political,  social  and  financial  reserve. 

Along  with  the  planters  came  the  mountaineers  from  the 
southern  Applachians.  They  could  not  compete  with  the  more 
highly  developed  plainsmen,  even  on  an  equal  footing,  so  they 
sought  in  their  new  homes  the  nearest  topographic  counterpart 
of  the  old  ones.  They  overran  the  Ozark  region,  establishing 
themselves  on  the  narrow  strips  of  fertile  soil  bordering  the 
streams.  They  invariably  selected  a  valley  for  a  home,  the 
location  of  the  dwelling  being  determined  by  the  existence  of 
a  spring.  They  therefore  settled  themselves  in  the  country, 
while  the  Virginians  and  Kentuckians  Ststtled  on  it.  They 
lived  in  seclusion,  each  shut  in  wiihin  the  narrow  limits  of  his 
home,  with  his  family  and  a  few  distant  neighbors.  His  politi- 
cal influence,  so  far  as  shaping  the  policy  of  the  young  state  was 
concerned  amounted  to  nothing.  For  many  years  he  lived  the 
life  of  half-hunter  and  agriculturist.  On  the  disappearance  of 
the  game  he  was  forced  to  put  more  dependence  upon  the  soil. 
This  he  did  in  a  half-hearted  way  and  with  corresponding  re- 
sults. His  small  holdings,  his  poor  skill  as  a  tiller  of  the  soil, 
and  the  total  lack  of  a  market  for  his  product  kept  him  and  his 
country  far  behind  the  more  favorably  located  parts  of  the  state. 

• 

Within  the  last  two  decades,  however,  the  advent  of  the  rail- 
way and  the  opening  of  the  mine  have  changed  all.  With  the 
influx  of  an  energetic,  wealthy  people  from  other  states  the  old 
type  is  rapidly  disappearing. 

THE  GENERAL  UPLAND  PLAIN. 
The  upland  may  be  considered  from  two  points  of  view. 
It  may  be  regarded  as  an  imaginary  surface  whose  elevations 
at  different  places  accord  with  the  elevation  of  the  various 
longitudinal  belts  of  even-topped  upland  which  traverse  the 
state.  It  may  also  be  considered  from  the  point  of  view  of  the 
present  existing  general  upland  features  which  include  the  belts 
of  highland  as  well  as  the  corresponding  belts  of  lowland  or 
lower  land.  In  the  former  ease  the  upland  is  interrupted  by  the 
existing  stream-valleys  and  also  by  the  wide  shallow  lowland 
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belts  which  follow  the  strike  of  soft  rocks  across  the  state.  In 
the  latter  case  the  npland  is  interrapted  only  by  the  valleys  of 
the  existing  streams.  In  the  first  the  apland  is  an  hypothetical, 
even,  thoagh  not  level,  surface ;  in  the  second  it  is  an  actual, 
broadly  rolling  one.  In  the  latter  sense  the  term  is  used  in  the 
introduction.  In  the  former  it  is  used  in  the  consideration  of 
the  origin  and  character  of  the  general  upland.    (See  plate  i). 

Oeneral  Characters.  Considered  as  a  whole,  as  a  plain  and 
not  with  reference  to  the  minor  features  of  relief,  the  upland  is 
a  broad,  even  surface,  rising  or  falling  gradually  in  broad  ' 
undulations.  Above  the  general  level  there  are  no  prominent 
topographic  features.  In  it,  considering  it  as  the  upper  surface 
of  a  great  block  of  the  earth's  crust,  are  carved  all  the  varied 
features  of  relief.  Its  chief  interruptions,  therefore,  are  the 
valleys  which  are  excavated  in  it.  It  is  easily  reconstructed 
in  imagination  by  filling  up  the  valleys  and  lowland  belts  to  the 
level  of  the  remnants  of  the  upland  still  existing. 

The  interruptions  of  the  upland,  by  excavation,  are  of  two 
kinds:  (1)  the  valleys  of  the  existing  streams;  and  (2)  the 
broad,  shallow,  though  in  many  places  scarcely  perceptible, 
lowland  depressions,  which  extend  along  the  strike  of  the 
softer  rocks  and  which  are  due  to  their  rapid  degradation. 

Main  Parts.  The  upland  as  a  whole  is  easily  divisible  into 
two  parts,  which  may  be  called  the  Prairie  region  and  the 
Ozark  region.  It  is  not  altogether  true  that  all  of  that  part  of 
the  state  included  under  the  former  title  is,  or  was  originally, 
bare  of  forests.  The  name  is  applied  merely  because  the 
topography  of  the  region  is  of  the  same  type  as  that  of  all  the 
prairie  regions  of  the  Mississippi  valley.  The  two  parts 
graduate  into  each  other  imperceptibly.  In  a  general  way  the 
Missouri  river,  from  its  mouth  to  Glasgow,  may  be  considered 
the  dividing  line  for  the  eastern  portion  of  the  state;  from 
Glasgow  the  line  turns  southward,  passes  west  of  Sedalia,  and 
thence  southwestward  through  Olinton,  Appleton  Oity.  Nevada 
and  Lamar.  That  part  of  the  state  lying  north  and  west  of 
this  line  is  the  Prairie  region ;  and  that  south  and  east,  the 
Ozark  region. 
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THE   PRAIRIE   REGION. 

The  Prairie  regioQ  is  lowest  along  the  belt  separaiiog  the 
two  sabdivisioQS  of  the  upland  and  along  the  eastern  part 
which  fronts  the  Mississippi  river.  Along  this  stream  its 
general  elevation  is  about  800  feet  above  sea  level.  Westward 
and  northwestward  there  is  a  gradual  rise  in  the  surface,  reach- 
ing 860  feet  in  Randolph  county,  and  950  feet  in  the  eastern 
part  of  Bay  county ;  then,  a  more  rapid  rise  to  1075  feet  in 
western  Bay.  and  again  a  gentle  grade  to  about  1200  feet  in 
the  extreme  northwestern  corner  of  the  state.  That  part  of 
the  Prairie  region  lying  south  of  the  Missouri  river,  along  the 
dividing  line  between  the  two  divisions  of  the  upland,  is  lower 
than  it  is  in  the  homologous  position  along  the  Missouri  river, 
between  Montgomery  and  Pettis  counties.  As  will  be  seen 
later,  this  is  due  to  soft  rocks  which  have  wasted  away  rapidly 
so  as  to  form  a  broad  belt  of  lowland  that  is  nearly  down  to 
grade.  Northwestward,  however,  the  upland  rises  at  the  same 
rate  as  that  part  of  it  lying  north  of  the  Missouri  river,  reach- 
ing an  elevation  of  about  1150  feet  on  the  high  prairies  of  Cass 
and  Jackson  counties.  Thus,  in  the  whole  of  the  Prairie  region, 
on  both  sides  of  the  Missouri  river,  there  is  a  gradual  increase 
in  elevation  northwestward.  The  increase  is  not  uniform  over 
the  whole  distance,  but  is  effected  by  successive  steps  between 
which  are  belts  of  nearly  level  surface. 

The  same  type  of  topography  continues  northwestward  and 
westward  into  the  region  of  the  great  plains.  That  part  ly- 
ing within  the  state  of  Missouri  is,  therefore,  only  a  portion  of 
one  great  topographic  unit.  It  is  the  eastern  border  of  the 
vast,  sloping  plain,  stretching  from  the  foot  of  the  Rocky 
mountains  to  the  Mississippi  river.  In  eastern  Kansas  its  fea- 
tures become  much  more  pronounced  than  in  Missouri,  owing  to 
the  greater  differences  in  resistance  between  the  hard  and  soft 
rocks.  All  the  main  features  of  northwestern  Missouri  are 
continued  into  eastern  Kansas,  in  most  eases  becoming  intensi- 
fied. The  state  boundaries  do  not  follow  the  trend  of  the  phy- 
O — 2 
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fiical  features,  so  that,  from  a  pbyeiographic  point  of  view,  the 
adjoining  parts  of  the  two  states  are  indentical. 

THE   OZA.BK   REGION. 

The  Ozark  region  orginates  in  a  center  that  is  perfectly 
distinct  from  that  of  the  Prairie  district  of  uprising.  It  con- 
Btitates  a  large  part  of  southern  Missouri  and  portions  of  the 
adjoining  states.  It  is  dae  to  constructional  forces  acting  in  a 
different  way  and  in  a  different  place  from  those  which  gave 
the  Prairie  region  its  general  features.  In  its  highest  portion 
it  is  a  broad,  comparatively  even  belt  of  highland,  reaching 
from  near  the  Mississippi  river,  in  Perry,  Ste.  Genevieve  and 
Jefferson  counties  in  Missouri,  to  the  southwestern  corner  of 
the  state,  where  it  passes  into  Arkansas. 

In  St.  Francois  county  the  highest  part  of  the  highland  is 
about  1100  feet  above  tide  level.  In  Iron  county  it  is  about 
1600  feet.  Westward  in  Reynolds  county  its  elevation  remains 
about  the  same.  There  is  then  a  gradual  fall  to  1400  feet  in 
Dent  county.  In  this  part  there  is  a  large  area  of  flat  upland 
apparently  lying  at  about  this  altitude.  Beyond  the  Big  Piney 
river,  or  west  of  its  source,  the  height  increases,  to  1700  feet  in 
the  eastern  part  of  Wright  county.  From  the  latter  locality 
there  is  a  decrease  in  elevation  to  the  south  westward  to  about 
1550  feet  near  the  state  line,  in  Stone,  Barry  and  Taney  coun- 
ties. This  decline  continues  into  Arkansas  a  short  distance, 
where  an  abrupt  rise  takes  place  to  more  than  2000  feet,  to  the 
top  of  the  Boston  mountain  escarpment. 

Northwestward,  northeastward  and  southeastward  from 
the  flat  upland  belt  along  the  crest  of  the  uplift  the  surface 
slopes  gradually  to  the  southeastern  edge  of  the  northwestern, 
or  Prairie  plain,  the  higher  ground  along  the  Mississippi  river 
south  of  St.  Louis  (from  450  to  750  above  tide),  and  the  low- 
lands of  southeastern  Missouri  and  northeastern  Arkansas. 

As  in  the  Prairie  region,  so  in  the  Ozark  province,  the  ele- 
vation of  the  surface  does  not  increase  and  decrease  uniformly, 
but  by  a  succession  of  steps.  The  abrupt  rises  are  so  low  in 
comparison  with  the  long  slopes,  that  they  are  rendered  some- 
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what  ioconspicaoas,  yet  in  a  systematic  consideration  of  the 
topography  they  are  very  significant  features. 

From  Cedar  Gap  westward,  the  elevation  constantly  de- 
creases to  the  vicinity  of  Lamar,  in  Barton  county.  This  is 
admirably  shown  by  the  altitudes  on  the  Kansas  Oity,  Ft.  Scott 
&  Memphis  railroad.*  Along  the  southern  side  of  the  divide, 
separating  the  present  northward  and  southward  drainage 
systems  of  the  region,  there  is  a  decrease  in  elevation  from 
Oedar  Gap  southwestward  to  the  neighborhood  of  the  James 
river  valley,  where  the  general  upland  surface  is  about  1400  feet 
above  the  sea.  Thence,  southwestward  there  is  a  slight  rise 
to  the  top  of  the  watershed  on  the  western  side  of  the  James 
river  basin  in  Barry  county,  where  the  elevation  is  about 
15^0  feet,  and  then  a  gradual  decline  to  the  western  border  of 
the  state. 

The  general  upland  of  Missouri,  therefore,  consists  of  a 
northwestern  portion  which  slopes  southeastward;  and  a 
southeastern  portion  which  is  highest  along  a  line  running  from 
St.  Francois  county  southwestward  to  Barry,  and  which  slants 
away  laterally  from  the  crest  in  both  directions.  The  upland 
is  not  continuous,  but  is  interrupted  by  the  present  stream 
valleys  and  by  long,  shallow  belts  of  lowland  worn  along  the 
strike  of  the  weak  rocks. 

ORIGIN  OF  THE  GENERAL  UPLAND  SURFACE. 

The  upland  as  already  stated  may  be  considered  from  two 
very  different  points  of  view.  First,  as  the  imaginary  upland 
whose  surface  is  accordant  with  the  tops  of  the  present  upland 
belts;  and  second  as  the  existing  upland  consisting  of  the 
broad,  more  or  less  parallel  belts  of  lowland  and  upland.  The 
former  was  probably  never  a  perfectly  even  surface.  Fiven  at 
the  beginning  of  the  present  cycle  of  development,  lowland  and 
upland  belts  traversed  the  country  as  they  do  now,  but  they 
were  not  so  pronounced. 

A  land  surface  that  is  approximately  flat  may  originate  in 
one  of  two  ways.    It  may  be  an  old  sea  bottom  elevated  above 

*  Missouri  Geol.  8ur.,  vol.  viii,  p.  270,  1895. 
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the  water-level  by  secular  aprising  bat  anaccompanied  by 
marked  folding  or  warping,  or,  it  may  be  prodaced  by  denuda- 
tion, either  marine  or  sabaerial.  Sach  a  land  surface  will  be 
worn  down  in  the  coarse  of  time,  by  the  various  meteoric 
agents,  to  a  lowland  of  faint  relief,  lying  not  far  above  sea  leveL 
It  is  then  known  as  a  peneplain.  So  also  the  sea,  by  long  con- 
tinued beating  upon  its  shores,  finally  batters  down  the  land 
area  and  forms  a  plain  of  marine  denudation  lying  a  short  dis- 
tance beneath  the  surface  of  the  water.  Upon  uniform  up- 
lifting this  plain  becomes  an  even  laud  surface. 

The  formation  of  a  submarine  plain  by  sea  erosion  of  an 
extent  equal  to  the  greater  part  of  the  Mississippi  basin,  while 
the  land  undergoes  practically  no  marked  movement,  would  be 
an  extremely  slow,  if  not  impossible,  process.  After  a  plain 
of  considerable  size  had  been  produced  the  friction  of  the  wavea 
on  this  surface  for  so  great  a  distance  would  destroy  their  de- 
structive effect  on  the  shore,  and  thus  stop,  or  at  least  greatly 
retard,  the  further  formation  of  the  plain.  If,  however,  there 
were  a  very  slow  and  gradual  submergence,  so  slow  that 
the  sea  would  have  time  to  level  off  the  surface  inequalities,  a 
submarine  surface  would  be  then  produced  which  would  be  a 
plain,  but  not  a  level  one.*  It  would  slant  seaward,  thus  allow- 
ing the  waves  a  chance  to  work  continously  on  the  shore  by 
depressing  the  off-shore  portion  of  the  plain  beyond  reach 
of  all  wave  interference.  The  off  shore  part  of  the  main  plain 
would,  however,  be  the  seat  of  deposition  of  the  detrital 
material  brought  from  the  land.  Upon  uplifting,  the  plain 
would  have  a  series  of  deposits  on  its  back,  younger  than  those 
which  were  eroded  to  form  its  surface.  In  a  plain  of  great 
extent,  produced  by  marine  erosion  the  later  deposits  should 
occur,  or  there  should  be  some  indication  that  they  once 
existed  and  were  removed  through  erosion.  But  the  existence 
of  younger  deposits  cannot  be  considered  conclusive  proof 
that  the  plain  is  one  of  marine  erosion,  though  their  absence  and 
proof  that  they  never  existed  on  a  plain  of  wide  extent  may 

•  Rlchthof en :  China,  vol.  ii,  chap,  xiv,  sec.  3;  also  Bull.  GeoK  8oc.  AmHrica,. 
vol.  VII,  PP.378-5J85,  1895. 
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be  considered  critical  evidence  that  it  is  not  a  plain  of  marine 
denudation. 

The  strata  of  the  Missoari  region  are  manifestly  bevelled 
strata.  The  general  upland  surface  of  the  Ozark  region  does 
not  conform  to  the  bedded  surfaces  of  the  rocks  underlying  it. 
It  cuts  across  the  bevelled  edges  of  the  strata.  The  shape  of 
the  surface  of  the  region  corresponds  in  a  measure  to  the 
deformed  strata  beneath,  but  the  deformation  of  the  rocks  is 
greater  than  the  deformation  of  the  surface.  The  layers  out- 
crop in  concentric  ellipses  around  the  center  of  the  dome. 
The  present  surface  and  the  planes  of  sedimentation  are  the  same 
in  kind,  but  different  in  degree.  The  arching  of  the  surface  is 
due  to  the  last  movement  in  the  region ;  that  of  the  stratigraphic 
planes  is  the  resultant  of  all  movements  which  have  taken 
place  since  the  rocks  were  deposited.  The  northwestern  part 
of  the  state  is  underlain  by  rocks  of  upper  Oarboniferous  age, 
in  which  beds  of  limestone  constitute  an  important  part  of  the 
whole  succession.  These  are  undoubtedly  open  sea  deposits. 
In  no  case  do  the  surface  beds  show  graduation  into  their  shore 
equivalents.  That  the  latter  existed  at  one  time  is  certain ;  it 
is  equally  certain  that  they  have  been  carried  away  by  erosion. 
Furthermore,  it  has  been  shown  conclasively  of  late,  that  the 
lower  part  of  the  coal  measures  in  western  Missouri  was 
deposited  in  an  easterly  advancing  sea.  To  say  that  the  sea 
reached  only  as  far  as  the  present  eastward  border  of  the  for- 
mation and  that  all  of  the  higher  beds  were  deposited  in  their 
present  position  and  extent,  in  a  westward  receding  sea,  would 
require  more  critical  evidence  for  its  support  than  merely  the 
present  limits  of  the  beds.  Another  fact  going  to  show  that 
extensive  erosion  has  taken  place  since  the  coal  measures  were 
deposited,  is  that  the  present  border  of  these  rocks  is  not 
parallel  to  the  strike.  Certain  beds  which  lie  near  the  eastern 
margin  of  the  coal  field,  in  northern  Henry  county,  the  shore 
equivalents  of  which  were  deposited  upon  the  older  rocks 
not  far  away,  recede,  southwestward,  from  the  border.  The 
presence  of  outcrops  of  upper  Cirboniferous  rocks  far  up  the 
Ozark  dome,  in  fact  on  its  very  crest,  indicates  that  the  rocks 
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of  this  age  were  once  continnoas  over  the  whole  region  and 
probably  were  united  to  the  Illinois  coal  basin  beyond. 

As  will  be  seen  later,  the  plain  existing  in  the  upland  sur- 
face of  Missouri  is  of  recent  geological  date,  surely  not  older 
than  late  Oretaceous,  and  probably  as  young  as  middle  or  late 
Tertiary.  Of  the  existence  of  deposits  of  Tertiary  age  within 
the  limits  of  the  state,  excepting  in  a  small  area  in  the  extreme 
southeastern  corner,  there  is  no  proof,  nor  even  an  indication 
of  their  former  presence.  While  the  upland  is  rather  thoroughly 
dissected,  there  are  areas  in  which  it  is  extremely  probably 
that  such  deposits,  if  they  ever  did  exist,  would  yet  be  found 
in  small  bodies.  Especially  is  it  probable  that  remnants  would 
still  occur  in  a  limestone  country,  as  the  one  under  considera- 
tion, where  so  much  of  the  drainage  is  underground  and  where, 
by  a  falling  in  of  the  rocks  into  these  channels  small  areas 
would  have  dropped  below  the  surrounding  surface  and  in  this 
way  preserved.  Nothing  of  the  kind  is  known.  Hence,  the 
hypothesis  of  marine  erosion  so  far  as  it  relates  to  the  forma- 
tion of  the  upland  Bur&ce  of  Missouri  may  be  rejected. 

The  first  hypothesis  suggested,  that  of  an  old  uplifted  sea 
bottom  which  is  now  for  the  first  time  attacked  by  erosion  may 
be  also  set  aside.  The  principal  reason  for  not  considering  it, 
is  the  fact  that  the  upland  is  not  on  the  same  stratum  of  rock 
throughout  its  extent,  as  it  would  be  if  it  were  an  old  sea  bot- 
tom newly  elevated,  but  is  formed  on  the  bevelled  edges  of 
many  strata.  The  older  rocks  outcrop  in  the  eastern  part  of 
the  state  and  dip,  in  general,  especially  for  all  the  northwestern 
portion,  northwestward,  but  the  present  surface  rises  in  that 
direction.  The  surface  of  the  upland  and  the  planes  of  stratifi- 
cation are  discordant.  It  must  have  been  produced  by  bevel- 
ling off  strata  that  once  had  a  much  greater  extent  than  now. 
This  is  indicated  in  figure  3,  plate  xi. 

Another  reason  for  rejecting  the  hypothesis  just  alluded 
to  is  the  a  priori  one.  There  is  no  evidence  that  any  consider- 
able part  of  Missouri  has  been  submerged  since  late  Carbonif- 
erous time.  If  it  has  been  land  since  that  time  it  is  thought 
to  be  impossible  for  the  present  upland  to  be  the  existing  part 
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of  that  old  Oarboniferoas  sea  bottom.  From  the  well  OBtab- 
lished  rate  of  erosion  in  other  areas  it  is  qaite  certain  that 
none  of  that  sea  bottom  ooald  continue  antil  now.  The  proof 
that  it  is  not  the  old  sea  bottom  uplifted  at  the  close  of  Oar- 
boniferons  time  and  left  as  a  land  surface  ever  since  is,  on  the 
the  basis  of  the  evidence  furnished  by  the  rocks  on  which  the 
surface  is  made,  considered  conclusive.  In  other  words  what 
is  now  the  surface  of  the  upland  was  not  the  surface  as  it  came 
above  sea  level. 

There  has  recently  been  some  discussion  concerning  the 
origin  of  the  general  upland  in  the  state  and  in  consequence 
two  hypotheses  have  been  advanced  to  explain  the  facts.  Both 
recognize  that  the  upland  is  not  the  old  Carboniferous  sea  bot- 
tom elevated  at  the  close  of  Paleozoic  time  and  both  agree 
that  it  is  the  result  of  subaerial  denudation.  They  differ,  how- 
ever, materially  in  regard  to  the  processes  of  erosion  which 
produced  it.  One  hypothesis  may  be  called  that  of  general 
degradation.  According  to  it  there  has  been  a  wasting  away 
during  the  present  cycle,  which  has  been  in  progress  since 
Carboniferous  times,  and  the  general  degradation  having  kept 
pace  with  the  valley  corrasion  strong  relief  has  not  been  de- 
veloped. All  the  present  conditions  are  legarded  as  the  result 
of  the  post-CarboLiferous  uprising  and  a  practical  continuity 
of  erosion  since  that  time.  The  principal  objection  to  this 
view  is  that  it  conflicts  directly  with  the  notion  of  the  real 
manner  in  which  degradational  precesses  work.  It  is  a  gener- 
ally accepted  canon  of  modern  physiography  that  on  the  eleva- 
tion of  a  sea  bottom  or  old  base  leveled  land  surface,  the  larger 
streams  will  quickly  cut  dowh  to  a  new  grade  corresponding 
to  the  new  base  level,  and  that  this  is  done  before  any  notice- 
able reduction  in  the  upland  surface  can  take  place  through 
the  action  of  general  atmospheric  wasting.  Hence,  in  a  region 
in  which  the  streams  yet  flow  in  narrow  valleys  or  gorges  not 
yet  down  to  grade,  and  in  which  the  valleys  are  sharply  incised 
in  a  flat  upland,  it  is  at  once  conceded  that,  since  the  rocks  are 
of  approximately  even  texture  from  the  top  of  the  upland  to  the 
bottom  of  the  gorge,  the  topography  is  young ;  that  the  only 
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work  that  has  been  done  daring  the  cycle  in  progress  has  been 
the  catting  of  the  valleys.  The  dissected  apland  has  the  same 
elevation  that  it  had  at  the  beginning  of  the  cycle  or,  at  least, 
general  degradation  has  not  redaced  it  materially  daring  the 
short  time  that  the  cycle  has  been  in  progress.  Farthermore, 
when  a  region  presents  the  form  of  an  incompletely  dissected 
plain  it  is  at  once  considered  that  the  indarated  part  of  the 
plain  has  not  been  sensibly  redaced  daring  the  cycle.  It  is 
the  topography  of  andalating  profile  that  is  going  down  as  a 
whole  while  that  of  the  rectangalar  profile  is  being  redaced 
only  in  the  stream  valleys.  The  theory  of  general  degradation 
directly  opposes  this  idea,  and  since  its  promalgation  is  anac- 
companied  by  proof  that  the  other  explanation  is  wrong,  the 
latter  can  not  as  yet  be  abandoned.  It  proposes  an  entire 
revelation  in  the  realm  of  geographic  interpretation. 

The  other  hypothesis  supposes  that  the  topography  is 
yoang;  that  the  present  cycle  coaldnot  have  been  in  progress 
daring  the  whole  of  post-Oarboniferoas  time ;  that,  therefore, 
the  present  upland  surface  cannot  be  the  product  of  the 
present  cycle,  that  it  must  have  existed  at  the  beginning  of  the 
cycle  now  in  progress,  very  much  as  it  could  be  reconstructed 
at  the  present  day  by  filling  up  the  valleys;  that  the  surface 
of  the  general  upland  was  produced  while  the  land  stood  lower 
than  now,  and  that  the  present  details  of  relief  have  been  cut 
so  rapidly  and  so  recently  that  there  has  been  no  material 
reduction  in  the  upland  surface  while  this  has  been  going  on. 
This  view  is  adopted.  It  is  believed  that  the  upland  as  a 
whole  is  a  peneplain  of  a  former  cycle  of  erosion ;  not  neces- 
sarily a  perfectly  base-leveled  plain,  but  a  graded  surface. 

AGE  OF  THE   PENEPLAIN. 

Method  of  Determination.  The  first  and  most  direct  way 
of  determining  the  geological  age  of  the  upland,  that  is  the 
time  that  it  was  completed  as  a  peneplain  and  elevated,  is  to 
fix  the  time  of  the  uplift.  There  are  two  ways  to  settle  this 
question,  but  they  are  of  different  degrees  of  accuracy.  The 
first  consists  in  tracing  the  peneplain  represented  in  the  upland 
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to  the  shore-line  of  its  time  and  settling:  the  age  of  the  rocks 
which  lie  upon  it,  or  which  were  deposited  jast  before  the 
nprising.  This  is  the  most  direct  and  most  accurate  way  and 
is  the  same  in  principle  as  that  nsed  to  determine  the  age  of 
any  geological  formation.  The  other  method  which  is  to  be 
applied  only  when  the  iirst  one  is  not  applicable  to  the  par- 
ticular area  under  consideration,  consists  in  comparing  the 
stage  of  development  of  the  existing  cycle,  the  one  in  progress 
in  the  peneplain,  with  the  stage  reached  in  some  other  pene- 
plain whose  age  can  be  accurately  determined  by  the  first 
method.  This  manner  of  procedare  is  liable  to  error  from  the 
varying  conditions  which  may  have  prevailed  in  the  two  regions 
compared  and  from  the  varying  degrees  of  resistance  of  the 
rocks.  Allowance  mast  be  made  for  these  differences  of  con- 
ditions when  they  can  be  taken  into  account,  but  even  then 
error  is  not  entirely  eliminated,  for  the  analysis  of  the  various 
conditions  influencing  or  controling  the  rate  of  advance  of 
geographic  cycles  in  different  areas  has  not  yet  gone  far 
enough  to  enable  to  be  stated  just  what  relative  weight  each 
has  had. 

The  second  method  is  the  one  which  must  be  applied  in 
Missouri.  Careful  study  of  surrounding  areas  in  the  future 
may  give  data  for  determining  it  in  the  first  way  but  that  has 
not  yet  been  done.  It  is  quite  probable  that  the  Missouri 
peneplain  may  be  traced  through  adjoining  states  and  be  found 
to  underlie  some  of  the  coastal  plain  sediments.  In  the  selec- 
tion of  an  area  with  which  to  compare  the  one  under  considera- 
tion, choice  is  limited  to  a  very  few  cases,  since  very  few  areas 
have  been  worked  out  with  sufficient  detail  for  the  purpose. 
These  are  all  in  the  Appalachian  region. 

It  has  been  demonstrated*  that  in  Pennsylvania  the  tops 
of  the  highest  ridges  are  the  remnants  of  a  plain  of  subaerial 
denudation  which  was  completed  about  the  close  of  Cretace- 
ous time.  It  was  then  elevated  and  a  second  cycle  of  develop- 
ment reached  such  a  degree  of  advancement  that  the  softer 
rocks  of  the  Cretaceous  peneplain  were  worn  down  into  an- 

•  Davis:  Nat.  (ieog.  Mag.,  vol.  i,  pp.  18:^-2W,  1889. 
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work  that  has  been  done  daring  the  cycle  in  progress  has  been 
the  catting  of  the  valleys.  The  dissected  upland  has  the  same 
elevation  that  it  had  at  the  beginning  of  the  cycle  or,  at  least, 
general  degradation  has  not  redaced  it  materially  daring  the 
short  time  that  the  cycle  has  been  in  progress.  Farthermore, 
when  a  region  presents  the  form  of  an  incompletely  dissected 
plain  it  is  at  once  considered  that  the  indarated  part  of  the 
plain  has  not  been  sensibly  redaced  daring  the  cycle.  It  is 
the  topography  of  andalating  profile  that  is  going  down  as  a 
whole  while  that  of  the  rectangalar  profile  is  being  redaced 
only  in  the  stream  valleys.  The  theory  of  general  degradation 
directly  opposes  this  idea,  and  since  its  promalgation  is  nnac- 
companied  by  proof  that  the  other  explanation  is  wrong,  the 
latter  can  not  as  yet  be  abandoned.  It  proposes  an  entire 
revelation  in  the  realm  of  geographic  interpretation. 

The  other  hypothesis  supposes  that  the  topography  is 
yoang;  that  the  present  cycle  coaldnot  have  been  in  progress 
daring  the  whole  of  post-Garboniferoas  time ;  that,  therefore, 
the  present  apland  surface  cannot  be  the  prodact  of  the 
present  cycle,  that  it  mast  have  existed  at  the  beginning  of  the 
cycle  now  in  progress,  very  mach  as  it  coald  be  reconstracted 
at  the  present  day  by  filling  np  the  valleys ;  that  the  surface 
of  the  general  upland  was  produced  while  the  land  stood  lower 
than  now,  and  that  the  present  details  of  relief  have  been  cut 
so  rapidly  and  so  recently  that  there  has  been  no  material 
reduction  in  the  upland  surface  while  this  has  been  going  on. 
This  view  is  adopted.  It  is  believed  that  the  upland  as  a 
whole  is  a  peneplain  of  a  former  cycle  of  erosion ;  not  neces- 
sarily a  perfectly  base-leveled  plain,  but  a  graded  surface. 

AGE  OF  THE   PENEPLAIN. 

Method  of  Determination.  The  first  and  most  direct  way 
of  determining  the  geological  age  of  the  upland,  that  is  the 
time  that  it  was  completed  as  a  peneplain  and  elevated,  is  to 
fix  the  time  of  the  uplift.  There  are  two  ways  to  settle  this 
question,  but  they  are  of  different  degrees  of  accuracy.  The 
first  consists  in  tracing  the  peneplain  represented  in  the  upland 
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to  the  shore-line  of  its  time  and  settling  the  age  of  the  rocks 
which  lie  npon  it,  or  which  were  deposited  jast  before  the 
uprising.  This  is  the  most  direct  and  most  accurate  way  and 
is  the  same  in  principle  as  that  nsed  to  determine  the  age  of 
any  geological  formation.  The  other  method  which  is  to  be 
applied  only  when  the  first  one  is  not  applicable  to  the  par- 
ticular area  ander  consideration,  consists  in  comparing  the 
stage  of  development  of  the  existing  cycle,  the  one  in  progress 
in  the  peneplain,  with  the  stage  reached  in  some  other  pene- 
plain whose  age  can  be  accurately  determined  by  the  first 
method.  This  manner  of  procedure  is  liable  to  error  from  the 
varying  conditions  which  may  have  prevailed  in  the  two  regions 
compared  and  from  the  varying  degrees  of  resistance  of  the 
rocks.  Allowance  must  be  made  for  these  differences  of  con- 
ditions when  they  can  be  taken  into  account,  but  even  then 
error  is  not  entirely  eliminated,  for  the  analysis  of  the  various 
conditions  influencing  or  controling  the  rate  of  advance  of 
geographic  cycles  in  different  areas  has  not  yet  gone  far 
enough  to  enable  to  be  stated  just  what  relative  weight  each 
has  had. 

The  second  method  is  the  one  which  must  be  applied  in 
Missouri.  Careful  study  of  surrounding  areas  in  the  future 
may  give  data  for  determining  it  in  the  first  way  but  that  has 
not  yet  been  done.  It  is  quite  probable  that  the  Missouri 
peneplain  may  be  traced  through  adjoining  states  and  be  found 
to  underlie  some  of  the  coastal  plain  sediments.  In  the  selec- 
tion of  an  area  with  which  to  compare  the  one  under  considera- 
tion, choice  is  limited  to  a  very  few  cases,  since  very  few  areas 
have  been  worked  out  with  sufficient  detail  for  the  purpose. 
These  are  all  in  the  Appalachian  region. 

It  has  been  demonstrated  *  that  in  Pennsylvania  the  tops 
of  the  highest  ridges  are  the  remnants  of  a  plain  of  subaerial 
denudation  which  was  completed  about  the  close  of  Cretace- 
ous time.  It  was  then  elevated  and  a  second  cycle  of  develop- 
ment reached  such  a  degree  of  advancement  that  the  softer 
rocks  of  the  Cretaceous  peneplain  were  worn  down  into  an- 

♦  Davis:  Nat.  Geog.  Mag.,  vol.  I,  pp.  183-25H,  1889. 
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other  plain  which  was  completed  about  the  end  of  Tertiary 
time.  Then  came  another  uplift  and  since  that  time  there  has 
been  developed  in  this  Tertiary  peneplain  a  topo^raphj  that 
is  now  almost  as  far  advanced  as  the  present  cycle  in  Mis- 
sonri.  What  has  been  shown  to  be  trne  in  Pennsylvania  has 
been  fonnd  more  recently  to  extend  also  to  the  soathern  Appa- 
lachians. *  It  has  been  farther  shown  that,  since  Gretaceoas 
deposition  closed  in  the  area  of  the  Great  plains  east  of  the 
Bocky  mountains,  the  rocks  have  been  eroded  to  depths  of 
several  thousand  feet  vertical  measurement,  and  that  the  area 
has  been  reduced  to  a  peneplain  which  itself  has  been  after- 
wards elevated  and  in  some  places  large  peneplains  formed  at 
a  still  lower  level,  the  latter  being  developed  since  the  close  of 
Tertiary  time,  f  By  comparison,  therefore,  without  allowing 
for  differences  of  condition,  the  completion  of  the  Missouri 
peneplain  should  be  placed  not  earlier  than  middle  or  late 
Tertiary  time.  The  rocks  of  Missouri  are  not  more  resistant 
than  those  of  Pennsylvania;  in  fact,  they  are  less  so  as  a 
whole,  so  that  there  is  some  ground  for  placing  the  initiation 
of  the  present  cycle  at  a  later  date,  but  the  probabilities  are  that 
these  advantages  have  been  offset  by  the  disadvantages  of 
climate.  There  is  hence  no  good  reason  for  considering  a 
date  later  than  Tertiary. 

In  the  Appalachian  region  there  are,  as  already  stated,  a 
completed  Oretaceous  peneplain,  and  in  that  a  well  developed 
Tertiary  peneplain  on  the  soft  rocks.  In  Missouri  there  is  no 
evidence  of  more  than  one  cycle.  The  peneplain  represented 
in  the  general  upland  is  the  only  one,  and  in  it  the  valleys  and 
lowland  belts  were  developed  during  the  present  cycle.  Hayes 
and  Oampbell  consider  the  uplift  of  the  Oretaceous  peneplain 
as  greatest  along  a  line  following  very  nearly  the  axis  of  the 
old  Appalachian  uplift,  while  to  the  eastward  and  westward 
the  amount  of  uprising  decreased.  The  same  was  true  to  a 
certain  extent  with  the  uplift  of  the  Tertiary  peneplain. 

*  Hayes  and  Campbell:  Nat.  Geog.  Mag. ,  vol.  vi,  pp.  63-126, 1894. 
t  Uptiam:  American  Geologist,  vol.  xiv,  pp.  235-246, 1894. 
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The  evideDces  of  movement  Id  the  central  and  sonthern 
parts  of  the  MissiBsippi  basin  and  the  dates  of  the  oscillations 
exist  in  the  Oretaceoas  and  Tertiary  deposits  of  the  Galf 
coastal  plain.  That  the  soatheastern  and  northwestern  parts 
of  Mifisonri,  and  presumably  the  whole  of  the  state,  stood 
lower  in  Gretaceoas  time  than  at  present  is  shown  by  the 
existence  of  marine  Oretaceoas  deposits  in  its  soatheastern 
corner,  and  also  jnst  beyond  the  northwestern  corner.  After 
the  deposition  of  the  Oretaceoas  beds  there  was  an  elevation 
bat  its  amoant  is  not  known.  Later  there  was  a  depression 
of  great  dnration  which  allowed  the  deposition  of  the  Tertiary 
deposits  of  the  soatheastern  corner  of  the  state.  These  are  in 
two  series  separated  by  an  uncomformity.  The  lower  is  the 
Eocene  or  oldest  Tertiary  and  consists  of  clays  and  veiy  fine 
sand.  The  apper  series  consists  of  coarse  gravels  and  sands 
and  is  of  Neocene  or  late  Tertiary  age.  They  represent  the 
close  of  the  Tertiary  accamalation.  The  Eocene  clays  indicate 
that  no  highland  existed  near  the  Mississippi  embayment 
daring  their  deposition.  It  is  practically  certain  then,  that  if 
the  Ozark  region  of  Missoari  had  stood  at  its  present  relative 
height,  that  is,  if  there  had  existed  at  that  time  an  Ozark  dome 
although  it  was  depressed  enoagh  to  allow  the  sea  to  reach  to 
Poplar  BlafF  or  beyond,  coarse  gravels  from  the  abandant 
chert  of  the  region  wonld  have  been  carried  into  the  Eocene 
sea.  Since  they  do  not  exist,  even  at  the  base  of  these  beds 
the  conclasion  is  that  daring  Eocene  times  this  region  was  low 
and  flat  with  sluggish  streams. 

The  Lafayette  gravels,  on  the  other  hand  show  conclusively 
that  the  neighboring  land  was  high  enoagh  to  give  steep  gradi- 
ents to  the  streams  draining  it.  The  gravels  are  largely  chert 
and  presumably  came  from  the  Ozark  region  of  Missouri  and 
Arkansas.  The  uplift  of  the  present  Ozark  region  is  therefore 
probably  post-Eocene  and  pre-Lafayette. 

Character  in  the  Beginning.  If  at  the  close  of  the  last 
cycle  the  surface  had  been  flat  and  there  had  been  no  warping 
when  it  was  uplifted  initiating  the  present  one,  it  would  be 
expected  that  the  upland  would  remain  flat.    But  it  is  not  at 
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all  probable  that  it  was  flat;  la  faot  it  is  practically  certaia  that 
it  was  DOt  flat.  It  was  a  graded  sarface  and  not  a  base-leveled 
one  and  it  had  the  slopes  of  its  streams.  The  latter  had  wide, 
flat  floodplains  which  rose  gradaallj  inland  and  the  inter- 
stream  spaces  consisted  of  low  ridges  of  easy  slope.  No 
sharply  incised  valleys  existed.  In  this  case,  therefore,  all 
differences  of  elevation  in  the  npland  at  the  present  time  are 
not  dne  to  differences  in  amount  of  movement  at  the  beginning 
of  the  present  cycle.  If  the  npland  is  everywhere  at  abont 
the  same  elevation  above  the  grade  of  the  nearest  large 
streams  no  inequality  in  nplift  or  warping  is  necessary.  This 
applies  only  to  cases  in  which  the  present  grade  of  a  water- 
coarse  is  the  same  as  it  was  during  the  former  cycle,  and  in 
which  the  stream  shows  that  no  changes  in  direction  took  place 
at  the  beginning  of  the  present  cycle.  It  is  a  difficult  matter 
to  apply  the  latter  principle  to  the  rivers  of  Missouri.  There 
is  no  critical  evidence  showing  whether  this  occurred  or  not. 
The  Missouri  drainage  has  been  inverted,  to  be  sure,  within 
recent  geological  times,  but  whether  the  change  occurred  at 
the  beginning  of  this,  or  of  some  other  cycle,  is  not  known. 
Granting  that  it  did,  in  the  present  cycle,  the  Prairie  region  was 
unequally  elevated.  Its  slope  was  westward  in  the  former 
cycle  while  now  it  is  southeastward.  This  is  dne,  however,  to 
an  increasing  uplifting  toward  the  Bocky  mountains.  There 
was  no  minor  warping  to  speak  of  within  the  limits  of  the  state, 
but  a  rise  which  was  great  in  the  west,  and  which  died  out  east- 
ward along  the  border  of  the  Ozark  region.  This  occasioned 
an  eastward  slanting  of  the  surface.  Otherwise  there  was  no 
tilting  and  only  a  uniform  uplift  as  shown  by  the  fact  that  the 
bluffs  arising  from  the  Missouri  river  flood-plain  are  everywhere 
of  about  equal  height,  excepting  where  areas  of  soft  rocks  are 
crossed. 

With  the  Ozark  dome,  however,  the  case  is  different. 
Whatever  was  the  course  of  the  drainage  during  the  last  cycle 
there  was  certainly  a  warping  of  the  former  surface.  The  sur- 
face rises  gradually  toward  the  high  parts  but  more  rapidly 
than  the  grades  of  the  streams.    That  this  uprising  occurred 
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at  the  begiDDiDg  of  the  present  cycle  is  certain  from  the  fact 
that  it  is  DOt  so  far  advanced  as  in  other  parts  of  the  state. 
The  npland  is  less  nearly  carried  away  than  elsewhere.  The 
country  is  higher,  and  if  erosion  had  been  in  progress  throagh 
the  former  and  the  present  cycles,  there  shoald  certainly  be  no 
part  of  the  apland  yet  remaining  nndissected. 

It  is  clear  therefore,  that :  (1)  assuming  the  drainage  to 
have  been  inverted  at  the  beginning  of  the  present  cycle,  the 
northwestern  part  of  the  state  was  elevated  greatest  in  the  north- 
west, thas  giving  a  slight  southeastward  slant  to  the  surface  ; 
( 2 )  the  Ozark  dome  was  raised  most  along  the  present  axis  of 
greatest  elevation,  decreasing  in  amount  in  all  directions;  (  3  ) 
it  is  a  warped  surface  and  the  warping  occurred  at  the  begin- 
ning of  the  present  cycle  of  erosion  which  dates  from  middle 
or  late  Tertiary  time. 

SUBDIVISIONS  OF  THE  UPLAND. 
GBNBRAL  SGHBMB  OF  DEVBLOPMBNT. 

The  topography  of  an  area,  except  in  extreme  youth  and 
extreme  old  age,  gives  expression  to  the  underlying  geological 
structure,  to  the  attitude  of  the  rocks  which  make  up  the  sur- 
face, so  that  a  clear  interpretation  of  topographic  form  is 
possible  only  when  aided  by  a  knowledge  of  the  geology  of  the 
region.  This  arises  from  the  fact  that  no  series  of  rocks 
maintains  the  same  resistance  to  erosion  through  any  great 
thickness  of  section.  The  degrees  of  resistance  vary  greatly, 
and  often  many  times  within  a  moderate  thickness.  In  all 
stages  of  a  topographic  cycle,  in  rocks  possessing  different 
capacities  for  withstanding  erosion,  the  softer  waste  away 
more  rapidly  than  the  harder  ones.  The  result  is  that  lowland 
zones  most  pronounced  at  maturity  of  the  cycle,  are  formed 
running  along  the  strike  of  the  soft  beds.  These  are  bordered 
by  belts  of  highland  similarly  marking  the  outcrops  of  hard 
strata.  The  lowlands  may  or  may  not  be  followed  by 
streams.  As  a  rule,  during  the  early  stages  of  the  first  cycle 
that  a  land  area  goes  throagh,  the  watercourses  do  not  follow 
these  lowlands,  but  as  the  cycle  progresses  the  stream  grad- 
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aally  chaDfi^e  position  and,  daring  the  later  stages,  at  least  for  a 
part  of  their  courses,  flow  along  them.  This  tendency  is  increased 
when  the  country  is  in  a  second  or  a  later  cycle  of  its  history 
as  a  land  area,  though  it  does  not  follow  in  all  cases,  but  de- 
pends very  much  upon  the  relative  resistance  of  the  rocks 
forming  the  lowlands  and  the  highlands.  The  strength  of 
these  features  is  also  dependent  largely  upon  the  same  factor 
and  also  upon  the  height  above  base-level  and  the  stage  in  the 
cycle.  The  width  of  the  belts  is  determined  by  the  thickness 
and  attitude  of  the  rocks.  If  the  latter  are  vertical  or  nearly 
so,  any  zone  will  be  just  as  wide  as  the  thickness  of  the  mass 
comprising  it ;  but  if  the  strata  are  inclined,  the  belts  widen  as 
the  degree  of  inclination  decreases,  so  that  when  the  rocks 
become  perfectly  parallel  to  the  surface  the  width  is  infinite  or, 
in  other  words,  there  is  no  alternation  of  beds  on  the  surface. 
These  relations  are  shown  in  the  following  diagrams  (figures  1, 
2  and  3).    In  figure  1  the  beds  are  vertical;  in  figure  2  they 
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Figure  1.    Diagram  showing  Relation  of  Lowland  and  Highland  to  Belts  of  Soft 

and  Hard  Rocks— Strata  vertical. 

are  inclined  at  a  rather  high  angle ;  and  in  figure  3  they  slant 
at  a  very  low  angle.    The  thickness  of  the  soft  member  deter- 


Flgure  2.    Relation  of  Lowland  and  Upland  to  Belts  of  Soft  and  Hard  Rocks- 
Strata  highly  Inclined. 

mining  the  belt  of  lowland  is  the  same  in  each  case  but  the 
width  of  the  belt  or  the  outcrop  of  the  soft  rock  on  the  sur- 
face varies  greatly.    When  the  rocks  stand  vertically  there  is 


Figure  8.    Relation  of  Lowland  and  Highland  to  Belts  of  Soft  and  Hard  Kocks— 

Strata  slightly  Inclined. 
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no  progressive  lateral  movemeDt  of  the  belt  daring  the  progress 
of  the  cycle,  bat  with  the  iatrodaction  of  inclination  the  whole 
series  of  features  moves  laterally  doWn  the  dip.*  The  total 
amount  of  shiftiug  possible  is  a  function  of  the  dip  of  the  bed 
and  of  the  amount  of  uplift,  or  the  height,  above  grade  to  which 
the  surface  is  raised  at  the  beginniug  of  the  cycle. 

It  is  evident  that  where  the  rocks  are  practically  horizon- 
tal the  depression  becomes  less  conspicuous  because  of  its 
great  width.  This  may  go  so  far  that  the  depression  does  not 
show  as  a  very  prominent  feature  on  the  ground  and  is  only 
indicated  by  the  examination  of  wide  areas.  The  edges  of  the 
harder  strata,  however,  always  remain  a  noticeable  feature  of 
the  topography.  When  they  are  vertical  ( figure  1 ) ,  supposing 
them  to  be  equally  resistant  throughout,  they  slope  equally  on 
each  side  to  the  adjoining  lowland  belts,  but  as  the  dip  de- 
<)reases  they  gradually  begin  to  show  a  difference  in  lateral 
slopes.  One  side  falls  off  rapidly  ( figure  2 ) ;  the  other  slopes 
gradually  or  remains  nearly  level.  The  crest  is  no  longer  the 
mid-line  of  the  belt.  In  figure  1  the  highland  belts  are  called 
ridges.    In  figure   4  the  whole  upland  belt  may  be  called 

a 

a  ridge^  but  its  steeper  slope  is  an  escarpment,  and  the  gradual 
one  the  back-slope  or  structural  plain 


Figure  4.    Step  and  Platform  Topography. 

In  a  region  in  which  the  rocks  dip  very  gently  in  one  direc- 
tion under  a  large  area  and  are  composed  of  alternating  layers 
of  hard  and  soft  beds,  a  characteristic  topography  is  formed 
consisting  of  wide  belts  of  lowland  bordered  on  one  side  by 
the  gradual  rise  to  the  top  of  an  escarpment  overlooking  a 
succeeding  lowland  and  on  the  other  by  the  abrupt  escarpment 
rising  to  the  top  of  the  back-slope    of  the  preceding  belt  of 

*  Gilbert:  Qeology  of  the  Henry  Mountains,  p.  129,  1880. 
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lowland.    This  is  called  step  and  platform  topography  and  is 
illustrated  in  the  cross-sections  fignres  4  and  5. 


Figure  5.    Cross-section  Illustrating  Step  and  Platform  Belief. 

The  different  strata  of  rock  overlie  one  another  as  the 
shingles  on  a  roof,  bat  in  this  case  no  two  adjoining  shingles 
are  of  equal  hardness,  and  as  a  result  the  soft  ones  waste  away 
on  the  ends  more  rapidly  than  the  hard  ones,  leaving  the  latter 
in  relief.  This  may  or  may  not  be  independent  of  the  direc- 
tions of  the  drainage.  If  the  drainage  is  directly  across  the 
strike  of  the  beds,  lowland  belts  are  opened  on  the  soft  rocks 
just  the  same,  though  they  may  not  be  so  pronounced.  The 
topography  varies  with  difference  in  structure.  For  example, 
the  rocks  may  be  pushed  up  at  one  place  to  such  an  altitude 
that  they  dip  away  in  all  directions.  After  such  an  uplift 
occurs  the  area  may  be  leveled  off  by  erosion  (figure  6)  and 


Figure  6.      Initial  Stage  In  the  Development  of  Step  and  Platform  Topograptay. 

may  be  once  more  elevated  and  another  cycle  entered  into 
reaching  such  a  stage  of  advance  that  the  softer  rocks  are 
worn  out  to  a  considerable  extent  but  the  hard  beds  are  not 
yet  effected.  A  profile  across  such  a  region  would  be  about 
as  shown  in  figure  5.  If  this  were  an  uplift  at  only  one  point, 
forming  a  symmetrically  shaped  dome  the  various  escarpments 
and  lowland  belts  would  form  concentric  circles  around  the 
point  of  greatest  uprising,  assuming  that  the  relation  of  hard 
and  soft  beds  is  a  persistent  one.  If  it  were  a  long  line  of  up- 
lift they  would  be  arranged  parallel  to  the  axis  of  uplift  and  in 
both  cases  the  escarpments  on  each  side  of  the  axis  would  turn 
their  steep  faces  inward.  Between  the  two  extremes  the  belts 
of  lowland  and  highland  pass  through  the  various  forms  of  the 
ellipse  down  to  the  circle. 
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The  snrface  of  the  Ozark  region  between  the  meridian  of 
Potosi  and  Salem  has  not  been  stadied  from  a  physiographic 
standpoint.  From  the  general  geological  information  which 
has  been  gathered  in  this  region  it  is  inferred  that  the  beds 
along  the  crest  of  the  dome-like  ridge  remain  essentially  hori- 
zontal, bnt]dip  slightly  in  more  or  less  accordance  with  the  slope 
of  the  dome,  both  north  and  soath  from  the  line  of  greatest 
elevation.  In  this  case  there  would  be  no  more  escarpments 
striking  north  and  south  across  the  dome.  That  part  of  the 
Ozark  region  lying  west  of  the  meridian  of  Salem  will  be  con- 
sidered under  another  head. 

Crystal  Uscarpment.  Outside  of  the  Avon  escarpment, 
the  one  formed  by  the  oldest  rocks  within  the  limits  of 
the  state,  and  on  the  eastern  side  of  the  Farmington  anticline 
is  another  escarpment  formed  by  the  Orystal  sandstone  and 
the  overlying  massive  magnesian  limestone.  The  sandstone  is 
the  soft  member  of  the  couplet  and  the  limestone  constitutes 
the  hard  layer.  The  former  in  this  case  gives  the  name  to  the 
escarpment  while  in  most  of  the  other  instances  of  the  same 
kind  within  the  state  the  hard  member  supplies  the  name.  In 
the  case  under  consideration  the  limestones  constituting  the 
hard  member  ha^e  not  received  any  distinctive  local  formation 
name  and  rather  than  propose  one  without  a  wider  acquaintance 
with  its  geological  character  the  name  of  the  soft  member  is 
applied.  Its  geographic  distribution  is  shown  in  plate  ii.  In- 
stead of  either  completely  surrounding  a  small  area  or  a  small 
local  pucker  on  the  flank  of  the  dome  as  does  the  Avon  escarp- 
ment, or  remaining  parallel  to  the  latter  the  Orystal  escarpment 
flanks  one  side  of  the  great  dome  itself.  Although  it  lies  only 
a  few  miles  down  the  back  slope  of  the  upland  terminated  by 
the  Avon  escarpment  the  two  are  dae  to  different  centers 
of  movement,  one  local  and  the  other  wide  spread,  and  as  a 
result  their  courses  soon  diverge.  The  Orystal  escarpment 
apparently  exists  as  a  strong  feature  until  the  sandstone  thins 
out  completely.  In  the  eastern  part  of  Oallaway  county  it  is 
so  pronounced  that  it  is  well  shown  in  the  topographic  sheets 
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of  the  United  States  geological  survey,  altbongh  the  oontoar 
iDterral  is  60  feet.    Fignre  8  is  a  reprodaotioD  of  ft  part  of  the 


Figures.    Topograpblc  Sketclt  of  Crrital  Escarpment  In  rallaway  County. 

FnltoD  sheet  where  the  escarpment  is  well  efaown.  Between 
this  and  the  point  at  which  it  crosses  the  MiEsoari  river  west 
of  St.  Cbarlei),  it  and  the  lowland  at  its  foot  present  the 
appearance  of  an  old  river  terrace.  The  bottom  of  the  present 
gorge  of  the  river  is  80  to  100  feet  below  the  level  terrace-like 
plain.  It  has  been  referred  to  as  the  old  gorge  bnt  that  its 
Iroe  explanation  is  as  indicated  above  is  shown  by  the  fact 
that  its  extent  is  limited  to  the  ontcrop  of  the  Crystal  sand- 
etone.  Northward,  after  the  sandatone  thins  ont  and  below 
the  point  crossed  by  the  river,  no  similar  terrace-like  forme 
oocar.  The  lowland  followed  by  the  Miseonri  Faciflc  railroad 
between  Labaddie  and  PiiciBc  is  the  homologne  of  the  terrace- 
like plain  on  (be  river  above  and  opposite  the  first  named  place. 
Owing  to  the  northward  dip  of  the  rocks  near  the  river  the 
bench  does  not  exist  as  a  noticeable  feature  on  the  south  side 
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which  the  soft  member  disappears  by  thianing  oat  and,  the 
resistanoe  of  the  overlying  rock  or  escarp aieat-maker  being  of 
about  the  same  resistance  as  in  the  anderlying  strata,  a  slope 
including  the  outcrop  of  both  formations  is  uniform  from  top 
to  base  or  at  least  no  bench  marks  the  base  of  the  superior 
member.  The  Crystal  escarpment  also  dies  out  for  the 
same  reason.  Another  one,  the  Henrietta,  fades  out  on  account 
of  the  thinning  of  the  hard  member. 

The  Burlington  escarpment  is  caused  by  the  outcropping 
edge  of  the  lower  part  of  the  Burlington  limestone  which 
is  underlain  by  shale  or  shaly  limestone.  The  latter  weathers 
out  rapidly,  undermining  the  harder  rocks  which  break  off 
in  steep  blaffs.  These  rocks  retain  about  the  same  character 
and  the  same  relation  among  themselves  from  the  point 
where  they  enter  the  state  from  Arkansas,  in  Barry,  Stone 
and  Taney  counties,  northward  to  Cedar  Gap  in  Wright  county. 
From  there  northward  the  hard  limestone  beds  near  the  base  of 
the  formation  thin  out  or  change  in  character  and  a  very  much 
thicker  series  of  soft  shales  and  sandstones  occupies  the  base 
of  the  formation.  These  soft  beds,  however,  furnish  only  one 
of  the  favorable  conditions  for  the  formation  of  an  escarpment. 
They  are  not  overlain  by  the  same  hard  beds  that  exist  farther 
southward,  yet  as  will  be  shown  later,  other  beds  take  their 
place  and  cause  the  formation  of  a  faint  escarpment. 

Avon  Escarpment  The  lowest  escarpment,  geologically 
considered,  is  formed  by  certain  beds  of  Cambrian  age  which 
occur  in  the  southeastern  part  of  the  state.  Its  extent  is  small 
but  it  is  one  of  the  prominent  physiographic  features  of  the 
region.  It  lies  only  a  few  miles  east  of  the  principle  area  of 
crystalline  rocks.  The  geological  section  from  below  upward, 
consists  of  granite  and  porphyry  overlain  by  a  basal  sandstone, 
which  varies  greatly  in  thicknoss  in  different  places,  and 
which  has  superimposed  upon  it  magnesian  limestones  of  the 
Ozark  series.  The  lower  beds  of  the  latter,  for  a  variable 
vertical  distance  but  probably  averaging  200  feet,  are  massive 
and  free  from  chert.  Immediately  upon  the  chert-free  member 
rest  beds  of  massive  dolomites  containing  a  large  amount  of 
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BilicioaB  matter  ia  the  form  of  chert.  Great  lenses  of  sand- 
atone  are  also  intercalated.  The  cherty  limestones  and  accom- 
panying lenticular  sandstones  extend  upward,  east  of  the 
crystalline  area,  to  the  horizon  which  has  been  usually  termed 
the  Saccharoidal  standstone. 


FIffure  7.    Sketch  of  Avon,  Crystal,  and  Burlington  Escarpments. 

The  bard  member  in  the  formation  of  the  escarpment  is 
the  upper  or  cherty  limestone,  with  its  arenaceous  lenses. 
The  soft  member  is  the  underlying  non-cherty  limestone.  In 
geographic  distributioQ  the  escarpment  has  a  more  or  less  oval 
shape  (figure  7),  due  to  the  fact  that  it  occurs  around  the 
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flanks  of  a  small  anticlinal  flexare  the  axis  of  whioh  has  a  nearly 
north  and  south  direction,  passing  a  few  miles  east  of  Farm* 
ington.  The  bowing  is  most  pronoanced  a  few  miles  southeast 
of  the  town  and  decreases  both  to  the  northward  and  south- 
ward. The  dips  vary  from  almost  nothing  to  as  much  as  20 
degrees,  the  latter  occurring  along  the  southeastern  border  of 
the  escarpment  in  the  neighborhood  of  Avon.  The  escarp* 
ment,  as  it  appears  from  the  basal  sandstone  lowland  in  front 
is  well  shown  in  the  accompanying  view  ( plate  iii ),  taken  from 
the  highway  two  miles  west  of  Avon  and  lookiog  southward  at 
its  steep  face.  Farther  to  the  right  ( westward)  is  the  gradual 
slope  that  is  assumed  by  the  escarpment  when  it  falls  off  to 
the  lowland  below,  along  a  watershed  between  neighboring 
streams.  Beyond,  the  course  of  the  escarpment  is  slightly 
west  of  south.  The  second  view  (plate  iv)  is  the  Avon 
escarpment  as  seen  in  profile,  and  shows  also  the  belts 
formed  by  the  outcrops  of  the  underlying  rocks.  This  is 
from  a  point  well  up  on  the  slope  of  the  hill  constituting  the 
escarpment  at  French  Village,  in  the  northern  part  of  St. 
Francois  county.  It  is  looking  a  little  east  of  south  in  a  direc- 
tion nearly  parallel  to  the  trend  of  the  escarpment.  The 
wooded,  chert-covered  front  stands  out  sharply.  Below  it  lies 
a  narrow  belt  of  cultivated  land,  extending  parallel  to  the  trend 
of  the  escarpment  and  marking  the  outcrop  of  the  soft  member^ 
while  farther  to  the  west  lies  a  level,  brush-covered  area  formed 
on  the  basal  sandstone  of  the  series,  which  has  been  brought 
up  by  the  fold.  Its  area  is  uncultivated  except  in  a  few 
places. 

The  escarpment  around  the  northern  end  of  the  flexure 
extends  westward  from  French  Village  to  Big  river.  Thence 
it  turns  southward  in  a  very  tortuous  coarse  to  the  same 
stream  south  of  Bonne  Terre.  The  river  has  made  a  deep  in- 
cision in  the  edge,  causing  it  to  retreat  several  miles  up  the 
valley.  South  of  the  waterway  it  advances  eastward  again  in 
a  narrow  area  nearly  to  the  axis  of  the  uplift.  It  then  extends 
southward  a  little  west  of  the  front  of  the  outlier,  in  an  irregu- 
lar line,  passing  to  the  west  of  Farmington.    A  short  distance 
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north  of  the  road  to  De  Lassas  the  deeply  ravined  hills  and 
chert-covered  slopes  are  very  prominent. 

Potosi  Escarpment.  The  strata  on  the  western  side  of  the 
fold  apparently  continne  for  some  distance  to  dip  westward, 
notwithstanding  the  fact  that  the  crystalline  rocks  reach  the 
surface  over  a  greater  area  than  farther  eastward.  The  inclina- 
tion of  the  top  of  the  cherty  limestone  west  of  Bonne  Terre  is 
shown  in  a  line  of  levels  which  was  carried  from  that  place  to 
the  St.  Louis,  Iron  Moantain  and  Southern  railroad  at  the 
summit  south  of  Mineral  Point.  The  ridge  remains  nearly 
level  for  several  miles  west  of  the  former  point  Then  com- 
mences a  gradual  decrease  in  height  of  the  upland,  and  on  the 
railroad  at  the  crossing  of  the  highest  part  of  the  ridge  be- 
tween Mineral  Point  and  Hopewell,  its  elevation  is  nearly  100 
feet  lower  than  it  is  farther  eastward.  To  the  westward  the 
upland  remains  nearly  level  for  a  distance  of  two  miles.  Then 
other  cherty  limestones  appear  in  a  well  defined  escarpment, 
trending  north  and  south,  which  rises  more  than  100  feet  above 
the  plain  below.  Unless  this  is  the  same  cherty  member  form- 
ing the  St.  Francois  escarpment,  here  brought  up  by  faulting, 
it  is  an  higher  horizon ;  if  the  latter,  its  relation  to  the  Sac- 
charoidal  (Crystal)  sandstone  on  the  eastern  side  of  the  Farm- 
ington  antioline  has  not  been  determined.  The  escarpment 
formed  by  these  beds  is  a  rather  prominent  feature  along  the 
road  southeast  of  Potosi,  a  few  miles  west  of  Irondale  and  in 
the  neighborhood  of  Old  Mines  in  Washington  county.  Its 
extension  north  and  south  has  not  been  traced.  It  is,  how- 
ever, a  clear  case  of  an  eastward  facing  escarpment  and  not 
simply  a  high  dividing  ridge  between  two  adjacent  drainage 
areas.  It  has  the  characteristic  steep,  eastward  slope  and  from 
the  top  the  country  extends  westward  as  a  flat  upland  now 
deeply  dissected  by  streams.  It  will  be  referred  to  hereafter 
as  the  Potosi  escarpment.  The  St.  Louis,  Iron  Mountain  and 
Southern  railroad  availed  itself  of  the  low  gap  in  an  east  and 
west  divide  just  at  the  lowest  point  of  the  back  slope  of  one 
escarpmented  ridge  and  just  in  front  of  the  escarpment  of 
another  one,  the  road  running  approximately  parallel  to  both. 
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top  is  very  near  the  local  grade  of  the  wateroonrses,  all  of 
which  are  small  and  conseqaently  have  steep  grades.  It  ex- 
tends eastward  and  northeastward  to  Harrison ville  with  a  few 
oatliers  detached  from  the  main  front  as  knobs  of  varying 
eiaesand  heights  standing  above  the  plain  formed  on  the  weak 
anderlyiog  shales.  From  Harrisonville  it  bends  northward  on 
the  western  side  of  a  large  reentrant  excavated  in  the  upland 
by  Big  creek.  It  retnrns  on  the  northeastern  side  of  that 
stream  throngh  Pleasant  Hill  and  thence  continues  eastward 
into  the  western  part  of  Johnson  county. ,  Here  it  is  deflected 
abruptly  northward  through  Lafayette  county,  to  the  Missouri 
river  at  Lexington.  At  the  point  of  northward  turning  in  the 
western  part  of  Johnson  county  it  is  a  prominent  feature. 
Althoagh  its  front  ia  on  the  divide  between  the  Missouri  and 
Oaage  river  drainage  systems  it  rises  abruptly  (not  precipit- 
ously) 150  feet  above  the  plain  to  the  eastward.  A  few  miles 
beyond  the  northward  turn  its  front  becomes  again  very  irreg- 
ular on  account  of  the  extensive  inroads  that  have  been  made 
by  the  Missouri  river  drainage,  particularly  by  the  branches  of 
Sniabar  and  Little  Blue  creeks.  It  continues,  however,  as  a 
strong  topographic  feature  to  the  Missouri  river;  the  high 
bluff  on  which  the  town  of  Lexington  stands  is  the  result  of 
thts  outcrops  of  the  Bethany  limestone  though  it  does  not 
have  its  full  height  by  50  feet  or  more.  The  difiference  in 
elevation  between  the  bluff  on  which  Lexington  stands  and 
that  on  which  Wellington  is  situated  is  considerable  and  is 
very  noticeable  on  the  ground.  This  is  due  to  the  fact  that 
Wellington  is  on  the  bluff,  from  which  the  escarpment  maker  has 
been  worn  away  by  Sniabar  creek.  Althoagh  the  face  of  the 
escarpment  lies  considerably  to  the  east,  there  is  a  large  area 
west  of  it,  in  the  valley  of  Soiabar  creek,  which  has  been  re- 
duced to  the  general  level  of  the  lowland  in  front.  That  part 
of  the  upland  on  which  Lexington  stands  is  therefore  a  long 
narrow  outlier  from  the  main  body.  It  extends  southward  as 
an  almost  continuous  and  very  conspicuous  ridge  to  Odessa 
where  it  ends  abruptly.  Several  small  streams  rise  in  the  low 
plain  to  the  east  and,  cutting  through  it  in  narrow  deep  valleyH, 
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f  ow  into  Sniabar  creek.  The  escarpment  ItmttiDg  the  great 
mass  of  the  npland  bends  westward  into  the  extreme  western 
part  of  Lafayette  county  aronnd  the  head  of  Sniabar  creek  and 
then  turns  northward  crossing  the  river  near  the  coanty  line. 
On  the  north  side  of  the  Missouri  river  directly  opposite 
Lexington  the  escarpment  does  not  appear  on  the  blufifs  over- 
looking the  great  flood -plain.  It  is  driven  westward  and 
northward  by  the  erosion  of  Crooked  river  and  its  tributaries. 
The  exact  point  of  touching  the  river  on  the  northern  side  is 
not  known  but  it  is  not  far  west  of  Fishing  river  in  the  western 
part  of  Bay  county.  A  short  distance  from  the  river  the 
escarpment  bends  northeastward  and  outliers  extend  eastward 
to  Bichmond.  A  small  one  lies  in  the  southern  part  of  the 
town  and  a  larger  one  one  mile  to  the  northwest.  The  main 
front  of  the  escarpment  crosses  the  West  fork  of  Orooked  river 
in  the  vicinity  of  Swanwick  and  runs  thence  nearly  directly 
northward  for  a  distance  of  five  or  six  miles  to  the  Middle 
fork  of  Orooked  river.  Beappearing  on  the  opposite  side  of 
that  stream  it  curves  southeastward,  advancing  inward  between 
the  Middle  and  East  forks  of  Crooked  river  for  a  distance  of 
four  to  five  miles,  ending  in  a  sloping  but  distinct  escarpment 
100  feet  or  more  above  the  undulating  lowland  to  the  south. 
It  then  turns  northeastward  with  a  deep  embayment,  similar 
*  to  the  one  made  by  the  Middle  fork  of  Orooked  river,  and 
extends  up  the  East  fork  of  Orooked  river  for  many  miles.  A 
few  miles  south  of  Bussellville,  in  Bay  county,  it  turns  north- 
ward again  around  the  head  of  Weakenda  creek  and  then 
northeastward.  In  the  northeastern  part  of  Bay  county  and 
adjoining  parts  of  Carroll  and  Caldwell  the  escarpment  passes 
over  the  divide  between  the  Missouri  and  Grand  rivers.  The 
drainage  is  effected  by  the  head  branches  of  small  streams 
from  these  rivers,  and  the  top  of  the  escarpment  and  of  the 
upland  beyond  it  are  not  much  above  the  grade  of  the  branches. 
Transportation  is  not  actively  going  on.  The  soft  rocks 
beneath  the  escarpment-maker  are  not  being  eroded  rapidly. 
The  relief  is  determined  by  disintegration  and  the  accumulation, 
on  the  ground,  of  the  products  of  the  weathering.    The  escarp- 
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ment  breaks  down,  therefore,  to  a  long,  gradual  slope  which  is 
not  a  proQonnced  feature  of  the  relief.  Between  Braymer, 
which  is  on  the  lowland  and  Gowgill  which  is  on  the  apland, 
the  Ohicago,  Milwaakee  and  Saint  Paal  railroad  ascends  to  the 
upland  limited  by  the  escarpment,  the  rise  being  207  feet.  The 
country  is  a  perfectly  bare  prairie  and  as  seen  from  a  distance 
of  ten  miles  to  the  south  the  escarpment,  as  such,  is  not 
noticeable.  It  is  merely  a  long,  gentle  incline  from  a  wide 
lowland  that  stretches  eastward  from  the  foot  of  the  slope  to  a 
broad  upland  that  extends  westward  from  its  top.  The  upland 
and  lowland  when  compared  with  each  other  are  seen  to  be 
two  very  distinct  features,  the  former  never  reaching  the 
altitude  of  the  latter  and  the  latter  never  descending  to  the 
level  of  the  former.  The  escarpment  continues  northward 
along  the  western  side  of  Grand  river.  The  Hannibal  and  St. 
Joseph  railroad  crosses  it  between  Utica  and  Mooresville. 
The  grade  rises  183  feet  between  these  two  places  and  only 
five  feet  between  Mooresville  and  Breckenridge,  the  next 
station  west. 

From  Mooresville  the  general  trend  of  the  escarpment 
carries  it  across  Grand  river.  It  makes  its  appearance  on  the 
eastern  side  of  that  stream  about  two  miles  south  of  Spring 
Hill  in  Livingston  county  and  trends  thence  northward  along 
the  west  side  of  the  East  fork  of  Grand  river.  Between 
Jamesport  and  Hickory  Greek  the  Ohicago,  Bock  Island  and 
Pacific  railroad  descends  191  feet.  Jamesport  stands  on  the 
upland  above  the  escarpment  and  Hickory  Greek  on  the  low- 
land east  of  it.  Opposite  Trenton  it  is  a  conspicuous  feature. 
East  of  that  place  the  country  is  low  and  gently  undulating. 
No  rocks  are  exposed.  The  streams  have  broad  flood-plains 
bordered  by  low  gradually  sloping  bluffs.  The  region  is  a 
typically  graded  surface.  West  of  the  river,  however,  the 
streams  are  still  cutting  their  channels  and  the  bluffs  are  steep 
and  rocky.  At  Spickardville  the  escarpment-making  rock 
appears  on  the  east  side  of  the  river.  For  a  short  distance 
eastward  the  escarpment  can  be  followed.  Within  a  few  miles, 
however,  it  is  completely  lost  and  does  not  again  become  a 
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featare  of  the  topography  in  Miseonri.  The  reasons  for  its 
disappearance  are  not  yet  full  determined.  The  glacial  deposits 
are  exceptionally  heavy  and  its  disappearance  may  be  due  to 
barial.  On  the  other  hand  there  is  some  evidence  that  the 
limestone  becomes  thinner  in  this  direction.  If  so  the  escarp- 
ment has  never  been  developed.  Northward  from  Spickards- 
ville  the  limestone  oatcrops  in  both  blnffs  of  Grand  river.  At 
Princeton  it  is  well  exposed  and  is  extensively  qoarried.  The 
Grand  river  flood-plain  between  Princeton  and  Spickardsville 
is  narrow  and  the  blnifs  are  steep.  The  stream  dnring  its 
early  development  had  a  strongly  meandering  coarse  bat  this 
is  being  gradually  obliterated  by  the  valley  widening.  Immedi- 
ately north  of  Princeton  the  valley  widens  into  a  broad  plain 
more  than  twice  its  width  below  the  town.  This  mast  be  dae 
either  to  a  rise  of  the  escarpment-making  rock  or  to  a  rapid 
dip,  carrying  it  either  above  the  blnfifs  or  below  the  bed  of  the 
river.  The  evidence  obtained  so  far  indicates  a  rise  northward. 
Beyond  the  limits  of  the  state  the  Bethany  escarpment 
continaes  for  a  long  distance  in  both  directions.  Although  it 
is  not  carefully  traced  over  the  entire  distance,  enough  is 
known  of  it  to  determine  its  general  coarse  with  considerable 
Accaracy.  Westward  from  the  point  of  leaving  the  state  it 
trends  in  a  southwestern  direction  through  Kansas  into  Okla- 
homa. Northward  in  Iowa  it  appears  to  pass  to  Winterset  25 
miles  southwest  of  Des  Moines,  in  Madison  county,  where  it  is 
deflected  northwestward  through  Dallas  and  Guthrie  counties 
until  the  members  pass  beneath  the  Oretaceous  deposits  of 
that  region.  At  Winterset  and  beyond  it  is  a  very  prominent 
feature. 

THE  PLATFORMS. 

Fundamental  Principles.  Between  the  successive  escarp- 
ments or  steps  lie  platforms,  or  belts,  the  featares  of  which 
are  dependant  apon  several  variable  conditions,  the  most  im- 
portant being  the  dip  of  the  beds,  the  relations  of  the  soft 
layers  at  the  base  of  an  escarpment,  the  stage  in  the  cycle,  and 
the  direction  of  drainage,  whether  longitudinal  or  transverse 
G— 4 
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to  the  physiographic  featares,  and  whether  cataolinal  or  an- 
aclinal.  If  all  the  rooks  of  a  region  are  considered  as  belong- 
ing to  one  or  the  other  member  of  an  escarpment-making 
couplet,  it  is  evident  that  the  same  beds  which  nnderlie  the 
soiface  of  the  platforms  mnst  aid  in  forming  the  escarpments. 
The  latter  are  only  the  exposed  edges  of  the  strata,  while  the 
platforms  are  formed  on  the  upper  surface  of  the  same  beds. 
It  is  clear  that  the  soft  beds  which  underlie  the  hard  ones  and 
which  by  weathering  out  rapidly  leave  the  latter  in  relief,  are 
as  important  and  as  necessary  to  the  fnnction  of  an  escarpment 
as  the  resistant  member  itself.  Ah  all  beds  belong  either  to 
the  one  or  the  other  of  the  two  classes  recognized,  the  resist- 
ant and  the  soft,  the  whole  saccession  mnst  be  considered  as 
taking  part  in  these  couplets.  They  must  therefore  furnish 
the  foundations  for  the  platforms  as  well  as  the  escarpments. 
The  platform  naturally  resolves  itself  at  maturity  into  two 
parts,  the  structural  plain  and  the  lowland.  These  two  features 
constitute  the  physiographic  belts  of  a  region.  As  crossing 
the  state  they  are  represented  in  plate  ii.  The  relation  of 
these  two  divisions  to  the  whole  platform  will  depend  upon  the 
variable  factors  already  mentioned.  The  structural  plain  is 
that  part  of  the  platform  in  which  the  surface  is  determined  by 
the  upper  surface  of  the  hard  member  of  the  escarpment- making 
couplet  of  the  adjacent  descending  step.  Its  features  depend 
upon  the  structure  of  this  bed.  Its  width  varies  with  the  stage 
in  the  cycle,  the  dip  of  the  beds  and  the  elevation  above  the 
grade  of  the  largest  neighboring  streams.  In  the  infancy  of 
the  cycle,  before  the  soft  beds  have  been  removed  leaving  the 
edges  of  the  hard  layers  in  relief  and  before  the  platforms  are 
distinctly  differentiated,  the  soft  material  covers  all  of  the  back 
slope  of  the  hard  member,  leaving  the  latter  exposed  only  on 
its  bevelled  edge  (figure  12).  As  the  cycle  advances,  the  soft 
beds  are  rapidly  stripped  from  the  back  slope  or  upper  side  of 
the  hard  member.  The  width  which  is  taken  off  during  the 
time  that  the  land  remains  at  one  level  depends  upon  the 
elevation  above  the  grade  of  the  large  streams.  Thus  in 
figure  II  A^  Bj  represent  the  grade  of  the  streams  during  one 
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period  of  no  mov^ement.  The  greatest  poesible  width  of  the 
belt  that  coald  be  stripped  of  the  soft  beds  woDld  be  X,  Y.  If, 
however,  0  and  D  is  the  grade-line  of  the  streams,  the  width 
of  the  stractural  plain  would  finally  be  X\  Y\    This  would  be 


Figure  11.    Section  Illustrating  Relation  of  Grade-line  to  Width  of  Structural 

Plain. 

strictly  the  case  only  when  the  stripping  is  so  rapid  that  it  is 
all  done  down  to  grade  before  the  belt  is  narrowed  from  the 
other  direction  by  recession  of  the  escarpment.  The  belt  is  in 
fact  continaally  narrowed  by  this  means  bnt  probably'  not  mnch 
progress  is  made  antil  the  soft  rocks  are  nearly  down  to  grade. 
As  the  cycle  progresses  there  is  a  constant  and  gradaal  con- 
traction in  the  extent  of  the  strnctaral  plain  by  the  pashing 
back  of  the  escarpment^  until  it  is  finally  obliterated  or  nearly  so, 
as  when  the  whole  country  is  reduced  to  grade.  The  develop- 
ment of  such  a  feature  therefore  consists  of  an  early  stage  of 
rapid  increase  of  width,  stripping  off  the  soft  overlying  beds 
and  along  with  it  and  continuing  after  this  part  of  the  process 
has  ceased,  a  slow  but  constant  decrease  in  width  caused  by 
the  recession  of  the  escarpment.  It  is  manifest  that  the  dip 
of  the  rocks  as  well  as  the  elevation  above  grade  are  important 
factors  in  determining  the  width  of  this  part  of  the  platform. 
The  latter  can  be  no  wider  than  the  distance  between  the  top 
of  the  escarpment  directly  across  the  platform  and  the  point 
at  which  the  hard  member  passes  beneath  the  grade  of  the 
streams.  If  the  dip  is  marked  the  bed  will  be  carried  rapidly 
beneath  this  plane,  bnt  if  it  is  gentle  it  will  remain  longer 
above  it. 

The  lowland  part  of  the  platform  is  that  portion  formed  on 
the  soft  member  of  an  escarpment-making  couplet.  Its  de- 
velopment is  very  nearly  the  reverse  of  that  of  the  structural 
plain.  In  the  infantile  stage  of  the  cycle,  at  the  very  begin- 
ning, it  may  form  a  considerable  portion  of  the  whole  width  of 
the  platform.    As  the  cycle  progresses  it  rapidly  narrows  on 
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aocouDt  of  the  striping  off  of  its  beds  and  the  exposnre  of  the 
npper  sarface  of  the  underlying  hard  metiber  over  a  wider  and 
wider  belt,  until  reduced  to  grade.  At  this  stage  it  may  exist 
as  a  belt  on  the  platform,  or  it  may  be  entirely  obliterated. 
This  depends  upon  the  thickness  of  the  bed  and  its  elevation, 
where  exposed,  above  the  local  grade.  If  the  bed  be  thin  and 
the  elevation  of  its  base  directly  beneath  the  edge  of  the  over- 
lapping hard  member  be  considerably  above  the  local  grade  it 
may,  early  in  the  cycle,  be  worn  back  until  it  fails  to  appear  as 
a  distinct  zone  in  the  horizontal  plan  of  the  surface  and  may 
be  actually  worn  back  beneath  the  overhanging  edge  of  the 
overlying  hard  bed.    Such  a  case  is  illnstrated  in  figure  12  in 


Figure  12.    Section  Illustrating  Relation  of  Thickness  of  Soft  Bed  and  Elevation 
of  Base  al>oye  local  Grade  to  Width  of  Lov^land  Belt  proper. 

which  the  surface  at  that  stage  corresponds  to  the  line  a,  &,  c. 
In  the  continued  progress  of  the  cycle  under  such  circum- 
stances these  beds  do  not  constitute  a  part  of  the  horizontal 
plan  of  the  surface  until  the  base  of  the  soft  beds  reaches  the 
local  grade.  As  the  successive  beds  of  the  soft  member  reach 
this  plane  further  recession  stops,  but  the  backward  moving 
of  the  escarpment  continues  until  the  base  of  the  hard  member 
reaches  the  same  plane.  This  is  a  return  to  the  condition 
presented  in  the  early  infancy  of  the  cycle  in  which  the  width 
of  the  belt  is  the  same  as  that  of  the  surface  of  the  beds 
exposed  on  a  horizontal  plane  (or  the  width  between  the  lines 
a-c  figure  12.)  It  is  evident  that  if  the  sofc  member  has  a 
thickness  so  great  that  the  uplifting  at  the  initiation  of  the 
cycle  is  not  safficient  to  bring  the  base  of  the  soft  beds  above 
the  local  grade  at  the  point  lying  directly  beneath  the  edge  of 
the  overlying  hard  beds,  the  soft  beds  do  not  disappear  at  all. 
The  width  of  the  lowland,  at  the  time  that  it  is  reduced  to  its 
smallest  amount  by  the  lowering  to  grade  and  by  the  narrowing 
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caused  by  the  uDCOveriDg  of  the  strnctnral  plain,  is  a  faDction 
of  the  thickness  of  the  soft  member  (figure  13). 


Figure  13.    Sketch  showing  Relation  of  very   thick  soft  Bed  and  Elevation  of 
Base  above  local  Grade  to  Width  of  Lowland  Belt  proper. 

There  is  another  extreme  in  the  width  of  the  lowland  in 
which  it  forms  the  whole  of  the  platform.  This  may  occur 
when  the  escarpment  formed  by  the  underlying  hard  member 
is  low,  when  the  drainage  is  against  the  direction  of  the  dip, 
and  when  the  thickness  of  the  soft  beds  forming  the  lowland  is 
great.  In  such  a  case  the  rise  of  the  grade  toward  the  head 
of  the  streams  and  the  slight  elevation  of  the  underlying  hard 
member,  even  at  its  highest  point,  does  not  cause  the  stripping 
of  a  significant  width  of  its  upper  surface. 

It  has  already  been  stated  that  when  the  structure  is  that 
of  a  gentle  monocline,  the  surface  features,  the  escarpments, 
and  the  platforms  all  have  a  trend  more  or  less  in  one  direction, 
but  when  the  stracture  is  that  of  an  unroofed  dome,  in  which 
the  strata  outcrop  in  circles  around  the  center,  the  physio- 
graphic features  all  have  a  circular  arrangement.  Going  to 
the  interior  of  the  dome,  lower  and  lower  strata  are  successively 
crossed  and  the  surface  at  the  center  is  supported  by  the  low- 
est stratum  exposed.  The  same  platform  differs  from  the 
outer  and  geologically  higher  platforms  in  being  completely 
surrounded  by  a  rise  to  a  higher  platform. 

Jonca  Platform.  In  the  description  of  the  platforms  of 
Missouri  it  is  convenient  to  begin  with  the  geologically  lowest 
one,  the  one  formed  on  the  lowest  rock  of  the  kind  producing 
sach  features,  exposed  within  the  state.  This  corresponds  to 
what  is  called  the  Jonca  platform  or  plain.  It  lies  in  St. 
Francois,  Ste.  Genevieve  and  Madison  counties  and  is  sur- 
rounded by  the  Avon  escarpment.  Its  sarface  is  underlain 
chiefly  by  a  basal  sandstone  of  the  magnesian  series.  A 
rim  of  varying  width,  composed  of  the  higher  non-cherty  lime- 
stone surrounds  the  arenaceons  portion.    The  relative  size 
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and  shape  of  the  platform  are  shown  in  figure  7.  Its  surface 
nowhere  rises  mach  above  the  grade  of  the  streams  draining 
it,  and  its  relief  is  therefore  rather  faint.  The  drainage  is 
radial  from  the  center  and  is  effected  by  small  streams.  These 
pass  through  the  surrounding  escarpment  by  deep,  narrow 
valleys. 

The  general  character  of  this  plain  in  its  northern  part  is 
shown  in  plate  iv.  The  existence  of  both  a  sandstone  and  a 
limestone  forming  its  floor  at  different  places  causes  the  belt 
to  separate  rather  sharply  into  two  regions  of  very  different 
degrees  of  fertility.  Where  the  sandstone  is  exposed  the  land 
is  yet  almost  wholly  uncultivated.  It  is  covered  with  a  thin 
growth  of  stunted  oaks.  Where  the  limestones  underlie  the 
surface  it  is  everywhere  in  a  high  state  of  cultivation.  A  con- 
siderable area  of  the  fertile  land  lying  north  and  east  of  Fred- 
ericktown  is  underlain  by  this  rock.  The  same  is  true  for  the 
region  around  Libertyville,  the  town  of  Farmington  and  the 
country  east  and  south  of  Bonne  Terre.  Along  the  eastern 
border  of  the  belt  near  the  northern  part,  the  dip  of  the  beds 
is  so  steep  that  the  outcrop  of  the  limestone  forms  only  a  very 
narrow  zone.  It  is  clearly  marked  off  from  the  sandstone 
region  even  though  it  is  interrupted  by  the  stream  valleys 
which  have  been  cut  into  it  and  by  one  or  two  granite  knobs 
which  rise  slightly  above  its  surface.  The  granite  has  not 
been  thrust  up  through  the  surface  of  the  plain  but  is  merely 
one  of  the  higher  parts  of  an  extremely  old  and  irregular  land 
surface  upon  which  the  rocks  immediately  underlying  the  plain 
were  deposited.  The  old  land,  peaks  and  all,  was  buried  by 
the  sediments.  Erosion  has  progressed  just  far  enough  to  un- 
cover a  few  of  the  highest  of  the  old  hills.  Being  composed  of 
granite  which  is  more  resistant  than  the  sedimentary  rocks 
these  knobs  do  not  waste  away  so  rapidly  as  the  plain  and  are 
consequently  left  in  relief  above  the  general  upland  surface.  As 
erosion  progresses,  more  and  more  of  this  old  land  will  be 
uncovered  until  finally  all  the  sedimentary  rocks  will  have 
been  stripped  off.  Once  more  the  ancient  land  surface  will 
be  exposed  to  atmospheric  agencies,  but  the  higher  parts  will 
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be  considerably  modified  by  erosion  by  the  time  the  lowest 
parts  are  ancovered. 

The  Jonca  platform  is  nowhere  yet  reduced  to  the  local 
^^de.  The  structural  plain  division,  that  part  determined  by 
the  upper  surface  of  the  sandstone,  is  being:  rapidly  widened 
by  the  stripping  off  of  the  overlying  limestone.  None  of  the 
area  can  be  termed  a  lowland  in  the  sense  that  it  is  down  to 
the  local  grade.  The  thickness  of  the  soft  member  above  the 
bed  forming  the  structural  plain  is  great  enough  and  the  beds 
dip  at  a  sufficiently  low  angle,  to  permit,  when  the  cycle  is 
farther  advanced,  the  formation  of  a  lowland  belt  of  consider- 
able width. 

Summit  Platform,  The  next  higher  platform,  the  plain 
lying  between  the  Avon  and  the  Potosi  escarpments,  has 
not  been  fully  traced.  It  does  not  appear  to  surround  the 
Jonca  plain  but  to  exist  west  of  it  only.  It  is  certainly  lower, 
geologically,  than  the  first  well  defined  platform  above 
the  Jonca  plain  on  the  eastern  side  of  the  latter.  On  the 
other  side,  the  Avon  escarpment  rises  to  the  level  of  the 
Salem  plateau,  which  is  bordered  eastward  by  the  Crystal 
escarpment.  It  is  narrow  along  the  eastern  side  of  the 
Avon  escarpment  but  after  passing  northward  and  south- 
ward around  the  extremities  of  the  Jonca  plain  it  spreads  out 
and  includes  the  greater  part  of  the  central  Ozark  region. 
That  part  of  the  Summit  platform,  lying  in  front  of  the  Potosi 
escarpment  either  passes  into  the  Salem  plateau  northward 
and  southward,  or  is  cut  off  by  the  disappearance  of  either  the 
hard  or  the  soft  member  of  the  couplet.  Along  its  eastern 
edge,  as  it  exists  a  few  miles  west  of  Bonne  Terre,  it  is  deeply 
dissected  by  the  Big  river  drainage  system,  being  now  little 
more  than  a  compUcated  mass  of  chert-covered  hills.  Farther 
westward  it  is  not  intricately  cut  up  and  along  its  western  side 
it  is  a  more  or  less  continuous  plain  with  a  gently  undulating 
surface.  The  farming  lands  between  Potosi  and  Mineral  Point, 
those  near  Shibboleth  and  Old  Mines  and  probably  also  those 
of  the  Rich  Woods  region  of  northern  Washington  county  all 
belong  in  this  belt. 
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Salem  Platform.  The  belt  of  country  lying  east  of  the 
Barlington,  and  west  of  the  Crystal  escarpment  is  a  lowland^ 
in  contrast  with  the  top  of  the  first  mentioned  feature,  bat  the 
general  surface  is  so  much  higher  than  the  general  level  of  the 
state  north  of  the  Missouri  river  and  of  the  grade  of  the  streams 
flowing  in  it,  that  it  is  really  an  upland.  It  is  part  of  the  Ozark 
dome  and  its  elevation  is  produced  by  the  general  uprising* 
It  is  not  level  over  the  whole  area,  but  dips  away  from  the 
axis.  The  Burlington  and  Crystal  escarpments  are  to  be  con- 
sidered as  the  edges  of  broken  layers  which  once  extended,  at 
least  much  farther  than  they  now  do,  and  in  the  case  of  the 
former  entirely  across  the  uplift.  It  lies  so  far  up  on  the  slope 
of  the  dome  that  its  top,  where  it  overlooks  the  country  east- 
ward, is  the  highest  part  of  the  Ozark  region  proper.  The 
surface  of  the  lower  land  east  of  it  rises  very  slightly  eastward 
for  a  few  miles  and  then  remains  about  level  to  eastern  Craw- 
ford, or  to  Washington  and  St.  Francois  counties,  where  it  dips 
rapidly  toward  the  Mississippi.  The  Crystal  escarpment 
reaches  only  a  short  distance  up  the  side  of  the  eastern  and 
northeastern  parts  of  the  dome,  so  that  even  the  top  of  the 
escarpment  is  lower  than  the  highest  part  of  the  lower  belt  at 
the  top  of  the  arch.  This  is  therefore  a  lowland  which  is 
really  a  highland  over  most  of  its  extent. 

The  general  surface  of  the  central  Ozark  region  is  inter- 
rupted  in  two  ways:  (1)  by  the  valleys  out  into  it,  and  (2)  by 
the  hills  rising  above  it.  In  Texas  and  southern  Crawford 
counties  the  elevation  of  the  plateau  is  1200  to  1400  feet  above 
the  sea.  There  is  a  gradual  decline  northward  to  1000  feet  in 
northern  Crawford  county  and  to  900  feet  near  the  Missouri 
river.  Southward  the  slope  from  the  highest  points  named  is 
uniform  until  it  dips  beneath  the  Tertiary  lowland  of  south- 
eastern Missouri. 

The  streams  interrupting  more  or  less  completely  the 
continuity  of  the  surface  generally  flow  in  steep-sided,  narrow 
valleys  which  often  reach  a  depth  of  250  feet,  or  more.  In 
parts  of  the  area,  especially  along  the  top  of  the  dome  in  Dent,. 
Crawford,   Shannon  and  Texas  counties,  these   streams  are 
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separated  by  wide  strips  of  flat  or  gently  andalating  upland, 
the  stream-valleys  being  a  subordinate  feature  in  the  topo- 
graphy. Nearer  the  larger  streams,  however,  and  particalarly 
along  White  river  and  its  tributaries,  in  Ozark  and  the  western 
part  of  Howell  counties,  the  dissection  has  gone  so  far  that  in 
many  places  no  plain  at  all  can  be  made  out.  This  is  generally 
true  along  the  lower  coarses  of  the  larger  streams  and  for 
some  distance  on  each  side. 

The  interuption  of  the  surface  by  the  hills  that  rise  above 
it  are  of  two  kinds.  In  one  there  are  hard  rocks  which  lie 
below  the  strata  forming  the  upland  surface,  but  which  pro- 
trude through  them.  They  are  not  arranged  along  any  par- 
ticular line  but  are  distributed  irregularly  into  two  groups. 
One  of  these  is  in  Iron  and  its  adjoining  counties,  around  the 
head-waters  of  the  St.  Francois  river,  and  the  other  is  on  the 
Current  river  in  Shannon  county.  Those  of  the  first  group 
rise  to  a  maximum  height  of  700  to  800  feet  above  the  valleys 
in  the  vicinity  but  only  a  small  number  rise  above  the  level  of 
the  upland.  Owing  to  erosion  doring  the  present  cycle  the 
tops  of  many  which  are  really  below  the  level  of  the  upland 
have  been  uncovered.  From  the  upland,  therefore,  there  are 
not  a  great  many  points  which  are  prominent.  The  result  is  a 
very  hilly  coontrv  in  which  the  hills  consist  generally  of  coni- 
cal mounds  most  of  them  not  rising  to  the  level  of  general  up- 
land which  is  here  about  1500  feet  above  tide. 

The  fact  that  nearly  all  the  hills  of  the  second  group  oc- 
cur near  Corrent  river  soggests  that  very  few  if  any  of  them 
really  rise  above  the  general  level  of  the  upland.  It  seems 
probable  that  they  have  been  uncovered  during  the  present 
cycle.  These  interruptions  are  caused  by  old  granite  and 
porphyry  hills  rising  through  the  limestones  of  the  upland. 
They  have  not  pushed  themselves  up  through  the  strata  but 
existed  before  the  rocks  forming  the  upland  were  laid  down. 
Some  of  them, if  they  were  completely  covered,  were  uncovered 
during  a  former  cycle  and  were  left  as  residuals  above  the 
peneplain  of  that  time.    The  rest  have  been  uncovered  during 
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the  present  cycle  and  conseqaently  their  tops  lie  below  the 
upland  surface. 

The  hills  of  the  other  class  which  interrupt  the  upland  are 
remnants  of  rock  which  originally  existed  over  much  or  all  of 
the  upland  surface,  but  which  have  since  been  worn  away, 
except  in  small  areas.  They  belong  to  higher  strata  than  the 
beds  forming  the  upland  and  the  latter  continue  beneath  them. 
They  occur  along  the  western  and  southwestern  sides  of  the 
region  not  far  from  the  Burlington  escarpment.  They  are 
merely  small  parts  of  the  highland  lying  west  of  the  escarpment 
which  have  been  cut  off  from  the  main  mass  and  left  isolated. 
The  district  of  greatest  abundance  is  on  the  divide  between 
the  Oasconade  and  White  rivers,  extending  eastward  from 
Gedar  Oap  to  Oabool,  in  Texas  county.  The  highland  originally 
extended  further  eastward,  but  by  the  action  of  the  streams  it 
is  being  continually  driven  backward.  It  remains  longer  of 
course  on  the  divides.  In  this  particular  case  the  wasting  has 
gone  just  far  enough  to  drive  the  main  mass  backward  as  far 
as  Gedar  Oap,  while  it  is  represented  eastward  along  the  divide 
by  a  line  of  prominent  knobs  separated  by  low  gaps,  the  pro- 
duct of  streams  attacking  it  from  opposite  sides.  Viewed  from 
the  south  they  present  a  serrated  profile. 

The  upland  extends  up  White  river  in  a  belt  of  greater  or 
less  width  lying  from  150  to  250  feet  above  the  river  and  about 
200  feet  below  the  highland  west  of  the  Burlington  escarpment. 
A  widening  of  this  belt  occurs  in  eastern  Barry  county  and 
western  Stone,  and  extends  southward  to  near  Berry  vilie,  in 
Arkansas,  producing  an  undulating  upland  nearly  surrounded 
by  the  wall  of  the  Barlington  escarpment,  and  sharply  cut  by 
White  and  Kings  rivers.  A  part  of  it,  in  Barry  county,  is  called 
Hickam  prairie.  Small  remnants  of  the  highland  stand  up  as 
prominent  steep-faced,  flat-topped  mounds.  They  are  rather 
abundant  near  the  Arkansas  locality  mentioned,  and  a  promi- 
nent one  exists  five  miles  southeast  of  Viola  in  Stone  county. 
A  number  also  occur  in  eastern  Taney  and  western  Ozark 
counties.  White  Bock  prairie,  in  McDonald  county,  is  another 
area  from  which  the  highland  rocks  have  been  eroded,  leaving 
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a  small  basin  surrounded  on  all  sides  by  the  escarpment  as  in 
the  case  of  Hickam  prairie. 

The  Salem  area  as  a  whole  has  not  yet  been  well  examined 
from  a  physiographic  point  of  view.  After  a  thorough  study 
it  will  doubtless  be  found  that  it  can  be  further  subdivided  on 
the  same  basis  as  the  rest  of  the  state.  It  need  not  be  con- 
sidered as  a  smooth  dome-shaped  area  without  characteristic 
features.  It  is  well  known  that  the  upland  surface  of  the 
dome  is  not  all  formed  on  the  upper  surface  of  the  same  bed 
of  rock;  but  as  in  other  parts  of  the  state,  it  is  formed  on  the 
bevelled  edges  of  many  strata.  The  differences  of  resistance 
between  the  various  beds  are  not  great.  The  larger  part  of 
the  rocks  consists  of  an  uniformly  resistant  magnesian  lime- 
stone; but  at  certain  intervals  there  are  beds  of  standstone 
which,  in  some  cases  at  least,  constitute  the  hard  member  of  a 
faint  escarpment.  The  escarpments  are  very  inconspicuous 
where  they  have  been  seen,  but  their  relief  is  emphasized  by 
the  cultural  contrast  on  the  opposite  sides.  On  th)e  backslope 
the  soil  is  barren,  sandy  and  cherty.  The  valleys  of  the 
streams,  only,  are  cultivated.  The  uplands  are  given  up  to 
woodland,  wild  pasture  and  brush.  On  the  lower  land,  in  front 
of  the  escarpment,  the  soil  is  generally  a  reddish  clay  loam, 
free  from  chert  and  formed  from  the  decomposition  of  the  un- 
derlying limestone.  It  is  moderately  fertile  and  easily  tilled. 
Such  a  limestone  belt  with  an  outlier  from  one  of  the  faint 
sandstone  escarpments  is  shown  in  plate  vi.  In  the  fore- 
ground lies  the  limestone  plain  with  its  fields  and  in  the  back- 
ground the  low  hill  capped  by  sandstone.  The  rocks  dip  in 
the  direction  of  the  view  though  at  an  angle  less  than  ten  de- 
grees. The  observer  is  looking  southward  from  a  point  about 
four  miles  south  of  Licking,  in  Texas  county.  The  limestone 
plain  extends  northward  beyond  the  village. 

Zell  Platform,  This  is  a  parrow  belt  lying  between  the 
Crystal  and  Burlington  escarpments,  [above  the  former  but 
below  the  latter.  It  is  typically  developed  in  Ste.  Oenevieve 
county  and  receives  its  name  from  the  village  which  stands  on 
it.    The  whole  platform  is  too  high  above  the  grade  of  the 
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Streams  for  a  lowland  yet  to  be  developed  on  the  soft  member. 
The  surface  is  a  deeply  dissected  area  and  does  not  differ  in 
details  from  the  adjacent  parts  of  the  Salem  platform. 

Barton  Platform.  This  name  is  given  to  a  belt  of  country 
lying  above  and  outside  of  the  Barlington  escarpment.  Its 
inner  border  is  the  out-cropping  edge  of  the  lower  Carbonifer- 
ous limestone.  Its  outer  margin  varies  both  in  character  and 
definition,  but  in  the  southwestern  part  of  the  state  it  is  the 
Henrietta  escarpment, and  after  that  disappears  the  belt  grades 
off  imperceptibly  into  the  next  higher  platform.  Along  the 
eastern  border  of  the  state  its  outer  limit  is  the  Mississippi 
river,  which,  from  Saint  Louis  to  Cape  Oirardeau  flows  ap- 
proximately parallel  to  the  strike  of  the  lower  Carboniferous 
rocks.  The  inner  border  is  the  outcropping  edge  of  the  lower 
Carboniferous  limestones.  In  southwestern  Missouri  this  limit 
is  sharply  marked  by  the  Burlington  escarpment.  Around  the 
northern  part  of  the  dome  where  the  escarpment  is  very  faintly 
developed  or  fails  entirely,  it  is  not  sharply  separated  from  the 
Salem  platform.  From  St.  Louis  county  southward  to  the  point 
where  the  Mississippi  river  is  crossed  it  is  distinctly  separated 
from  the  Salem  platform  by  the  eastern  phase  of  the  Burling- 
ton escarpment.    ( See  plate  v.) 

The  Barton  platform  is  the  most  continuous  and  the 
longest  physiographic  belt  within  the  limits  of  the  state.  It 
extends  around  the  western,  northern  and  eastern  sides  of  the 
Ozark  region.  It  varies  considerably  in  different  places  but 
it  is  everywhere  throughout  the  whole  distance  a  clearly  marked 
feature.  Its  borders  are  not  everywhere  sharply  defined  but  its 
characters  are  very  distinct  from  those  of  the  adjoining  belts. 
The  platform  as  a  whole  consists  of  two  well  marked  phases : 
a  structural  plain  and  a  lowland.  Both  phases  of  the  platform 
are  typically  developed  in  southwestern  Missouri.  The  first 
is  found  in  Oreene,  Dade,  Christian,  Lawrence  and  contiguous 
counties  and  is  named  for  the  city  of  Springfield  which  stands 
upon  it.  Its  eastern  border  is  the  eastern  edge  of  the  lower 
Carboniferous  rocks.  Its  western  margin  is  at  the  line  where 
these  rocks  dip  beneath  the  overlying  coal  measures.    Its  sur- 
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face  is  the  upper  surface  of  the  resistant  lower  Oarboniferons 
limestones.  It  has  been  produced  by  denudation  which  car- 
ried away  the  sofl,  overlying  shales,  probably  largely  during 
the  cycle  now  in  progress.  Erosion  did  not  cease  as  soon  as 
the  soft  beds  were  stripped  off,  but  on  account  of  the  resist- 
ance of  the  limestones  the  rate  was  greatly  diminished.  The 
surface  as  it  exists  is  not  the  product  of  base-levelling  since 
the  rocks  assumed  their  present  altitude.  It  is  probable,  how- 
ever, that  it  is  a  base-level  surface,  since  the  same  beds  of  the 
lower  Carboniferous  do  not  everywhere  form  the  surface.  If 
so  it  is  the  product  of  denudation  previous  to  the  deposition 
of  the  coal  measures.  Its  preservation  is  due  to  its  burial 
until  recently.  The  late  tilting  and  elevation  above  the  local 
grade  has  permited  a  rapid  uncovering  so  that  now  it  is  es- 
sentially as  it  was  when  buried,  except  that  it  is  now  dissected 
by  the  present  streams  and  has  been  inclined  westward.  The 
even  gradual  westward  descent  is  well  shown  in  the  following 
table  of  altitudes  taken  from  the  profile  of  the  Kansas  Oity, 
Ft.  Scott  &  Memphis  railroad  and  also  in  the  profile  on  plate 

XI,  figure  2. 

Feet  A.T. 

Cedar  Gap 1691 

Seymour 1658 

Fordland 1606 

Rogersvllle 1461 

Springfield 1267 

BoU  D'Arc 1219 

F.mmet 1145 

Lockwood 1093 

Golden  City 1031 

Kenona 971 

Lam  ar 942 

Lamar  is  a  short  distance  west  of  the  western  border  of 
the  belt  and  probably  a  little  lower.  The  elevation  of  the 
border  along  this  line  is  not  far  from  950  feet. 

The  river  valleys  become  shallower  westward,  notwith- 
standing that  this  is  the  direction  of  the  drainage.  The  water- 
courses are  not  yet  down  to  grade,  but  it  is  evident  that  the 
slope  of  the  surface  is  greater  than  that  of  the  river  beds.  The 
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BtreamH  flow  in  rocky  chaDnels  down  to  the  western  border  of 
the  plain.  In  the  interior  they  lie  far  below  the  top  of  the  ap- 
land.  Near  the  western  border  the  upland  lies  so  little  above 
the  level  of  the  waters,  and  its  surface  is  so  even  that  the 
whole  has  the  appearance  of  a  flood-plain.  It  is  drained,  how- 
ever, by  nnmeroQS  small  streams,  which  flow  transversely,  in- 
stead of  longitudinally  to  the  lowland  and  in  rock-bound 
channels  sunk  just  below  the  surface.  This  gradually  fades 
westward  into  the  second  phase  of  the  Barton  platform,  the 
Nevada  lowland. 

The  eastern  edge  of  the  Springfield  structural  plain  lies  so 
far  upon  the  side  of  the  Ozark  dome  that  it  stands  at  a  greater 
elevation  than  any  other  part  of  that  region,  except  some  of 
the  porphyry  peaks  of  the  southeastern  part  of  the  state. 
South  of  the  St.  Louis  &  San  Francisco  and  the  Kansas  Oity,. 
Ft.  Scott  &  Memphis  railroads  the  plain  is  greatly  wasted  by 
the  tributaries  of  White  river.  A  deep  and  wide  embayment 
is  cut  into  it  by  the  main  valley  of  the  system.  Furthermore 
each  tributary  that  is  large  enough  to  be  called  a  brook  has 
added  its  own  narrow  trench  to  that  of  the  larger  streams. 
The  whole  system  has  so  strongly  and  effectively  attacked  it 
that  large  parts  have  been  removed  during  the  present  cycle,, 
leaving  the  main  area  with  an  exceedingly  ragged  edge.  The 
evidence  is  quite  conclusive  that  at  the  beginning  of  the  pre- 
sent cycle  the  lower  Oarboniferous  rocks  covered  all  that  part 
of  the  southern  flank  of  the  Ozark  dome  lying  south  and  west 
of  the  line  of  the  Kansas  Oity,  Ft.  Scott  &  Memphis  railroad. 
The  northern  edge  may  be  have  lain  slightly  north  of  the  lioe 
of  the  railroad  though  the  evidence  for  this  is  not  conclusive.. 
In  fact  the  direction  of  the  drainage  indicates  that  the  railroad 
is  not  £ar  from  the  old  northern  border.  The  proof  for  this 
lies  in  the  existence  of  numerous  outliers  of  these  rocks 
scattered  over  the  highest  parts  within  the  area  designated. 
The  most  easterly  point  in  which  lower  Oarboniferous  strata 
have  been  found  on  the  southern  slope  of  the  Ozark  dome  is 
at  Sterling  station.  Here  the  surface  is  covered  with  chert 
carrying  lower  Oarboniferous  fossils.    It  does  not  exist  as  a 
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few  scattered  pieces  bat  is  ia  great  abaadance.  Oae  mile  east 
of  the  station  there  is  an  outcrop  of  sandstone  that  farnishes 
fossils  which  indicate  an  horizon  as  high  or  higher  than  the 
lower  Oarboniferoas.  The  isolated  hill  a  few  miles  east  of 
Willow  Springs,  known  as  Kings  mountain  ( plate  viii ),  appears 
to  be  capped  with  the  same  rock.  These  points  are  only  a 
few  miles  east  of  nnmeroas  high  knobs  which  are  all  capped  by 
lower  Oarboniferous  beds,  and  which  are  oontinaons  with  few 
intervals  southward  into  Arkansas  and  westward  to  the  east- 
ern edge  of  the  Springfield  structural  plain. 

The  plain  north  of  its  typical  area  presents  essentially  the 
same  features  as  those  already  described.  It  is  not  so  broad 
nor  is  it  terminated  eastward  by  a  sharp  escarpment.  North 
of  Henry  county  it  is  not  limited  on  the  west  by  the  Nevada 
lowland.  It  descends  gradually  to  a  similar  lowland  having 
the  same  succession  of  features  as  shown  further  south.  It  is 
not  so  deeply  dissected  on  its  eastern  border  nor  does  it  slope 
westward  so  rapidly.  In  the  neighborhood  of  Wheatland,  in 
Hickory  county,  and  also  north  of  the  Osage  river,  where  it  is 
not  cut  by  the  tributaries  of  the  latter  stream,  it  is  a  broad,  gently 
undulating  upland  rising  gradually  and  imperceptibly  on  one 
side  into  the  Ozark  dome  and  descending  on  the  other  into  the 
lowland  to  the  west.  It  here  is  merely  a  strip  across  the  slope 
of  the  dome  that  is  not  differentiated  by  pronounced  physical 
features,  from  the  higher  or  lower  parts  of  the  dome  on  each 
side  of  it. 

North  of  the  Missouri  river,  in  Boone  county,  the  platform 
exists  as  a  characteristic  structural  plain  slightly  modified  by 
the  veneer  of  water-laid  drift  of  Pleistocene  age.  Its  south- 
ern edge  along  the  north  bank  of  the  river  is  minutely  dis- 
sected by  the  numerous  branches  of  a  large  nnmber  of  creeks* 
It  slopes  gradually  northward  or  slightly  northwestward  from 
the  vicinity  of  Ashland  to  the  line  at  which  it  passes  beneath 
the  coal  measures.  The  upland  is  lower  therefore  a  few  milea 
north  of  the  Missouri  river  than  it  is  where  that  stream  has 
excavated  its  gorge.  This  is  thought  to  be  due  to  erosion  dur- 
ing the  cycle  now  in  progress.    It  is  the  same  in  kind  as  though 
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a  lari^e  stream  flowed  north  or  soath  parallel  to  the  Barlington 
escarpmeiit  ia  the  soathwestern  part  of  the  state.  It  is  an 
extension  of  the  northern  flank  of  the  Ozark  dome.  The 
northward  dip  of  the  bed  is  thought  to  be  greater  than  the 
slope  of  the  lower  Oarboniferons  land  surface  on  which  the 
coal  measures  were  deposited.  It  must  be  the  result  of  later 
deformation,  later  also  than  the  time  that  the  Missouri  river  or 
its  predecessor  located  its  course  through  the  central  part  of 
the  state.  If  not,  the  Missouri  gorge  would  have  been  located, 
not  upon  the  slope  of  the  dome  but  at  its  foot. 

Very  little  can  be  said  of  the  feature  of  the  plain  east- 
ward along  the  belt  lying  north  of  the  river.  The  Cedar  City 
branch  of  the  Chicago  &  Alton  railroad  shows  that  there  is 
a  slight  rise  southward  from  Mexico,  which  lies  near  the  pre- 
sent southern  border  of  the  coal  measures  and  which  has  an 
elevation  of  830  feet  above  the  sea.  Southward  the  upland 
rises  gradually  to  about  900  feet  on  the  broad  flat  prairies  of 
northern  Callaway  county.  An  equal  elevation  is  reached  in 
the  southern  part  of  the  county,  also  a  few  miles  north  of  the 
Missouri  river,  ia  the  vicinity  of  Carrington.  The  effect  of 
the  plain  on  the  prodle  of  the  Wabash  railway  eastward  from 
Mexico  is  clear.  The  railway  does  not  run  directly  across  the 
strike  of  the  rocks  but  makes  a  small  angle  with  it.  The  re- 
sult is  shown  in  the  following  table  of  altitude«i : 

Feet  A.  T. 

Mexico 831 

Benton  (coal  measures) 820 

Montgomery  (lower  Carboniferoug) 831 

New  Florence  (lower  Oarbo'llferou?)  869 

H'gh  Hill  (lower  Carboniferous)  886 

Joneebarg  (lower  Carboniferoug) 888 

Pendleton  (lower  Carboniferous) 910 

The  last  point  named  lies  on  the  southern  edge  of  the 
plain  and  on  its  highest  point.  Southward  the  surface  falls  off 
rapidly  to  the  Missouri  river  and  northward  gradually  to  the 
border  of  the  coal  measures.  From  Pendleton  eastward  the 
railway  leaves  the  upland  and  soon  descends  to  the  Mississippi 
river  flood-plain  a   few    miles   west  of  Saint  Charles.    The 
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inflaenoe  of  the  lower  Oarboniferoas  rocks  where  they  come 

to  the  sarface  along  the  Mississippi  river,  in  Pike,  Rails  and 

Lincoln  coanties,  is  as  marked  as  in    the   other    localities 

described.    The  elevations  on  the  line  of  the  Chicago  &  Alton 

railroad  from  bowling  Green,  the  point  where  the  railway  gains 

the  upland  west  of  the  Mississippi  river,  to  Laddonia  show  the 

same  thing  very  clearly.    The  elevations  of  points  on  the 

upland  are  as  follows : 

Feet  A.  T. 

Bowling  Qreen  (lower  Carboniferous) 879 

Carryville  (iower  Carbonlferoas) 886 

VandalU  (lower  Carbonlferoas) 776 

Parber  (lower  coal  measores) 778 

Laddonia  (lower  coal  meaaores) 790 

This  part  of  the  plain  is  not  crossed  by  any  other  line  of 
railway  in  sach  a  way  as  to  show  its  features. 

A  wide,  but  considerably  dissected  plain  of  lower  Oarboni- 
ferous  rocks,  lying  about  600  feet  above  sea  level,  crosses  the 
greater  part  of  Saint  Louis  county  and  extends  southward  into 
northern  Jeflferson.  It  holds  a  basin  of  coal  measure  shales 
which  lies  in  the  central  part  of  the  district.  The  evidence 
seems  to  point  to  the  conclusion  that  the  larger  part  of  the 
county  has  recently  been  stripped  of  coal  measure  rocks  and 
the  surface  is  now  halted  on  the  more  resistant  limestones  of 
the  lower  Oarboniferous.  It  is  apparently  a  structural  plain, 
lying  here  in  the  shape  of  a  slightly  eastwardly  dipping  trough, 
the  rim  rising  northward,  southward  and  westward,  but  dipping 
eastward.  It  is  cut  off  on  the  eastern  side  by  the  Mississippi 
river. 

That  part  of  the  plain  skirting  the  eastern  border  of  the 
Ozark  dome  and  south  of  St.  Louis,  has  been  greatly  eroded 
by  the  the  Mississippi  river.  The  general  eastward  dip  of  the 
rocks  is  not  regular  but  has  been  modified  by  small  marginal 
folds  whose  axes  run  in  a  general  east  and  west  direction,  with 
an  eastward  pitch,  and  which  may  be  considered  as  local 
crumples.  Along  the  anticlines  of  these  folds  the  lower 
Oarboniferous  rocks,  on  the  Missouri  side  of  the  river,  have 
o— 5 
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been  completely  removed.  Along  the  syoclines,  however,  they 
extend  into  the  state  for  a  distance  of  several  miles.  The  only 
area  of  sufficient  size  to  be  of  any  conseqaence  in  the  surface 
features  lies  in  8te.  Genevieve  county.  The  town  of  8te. 
Genevieve  lies  near  the  axis  of  an  eastward  pitching  syncline. 
The  rocks  appear  on  the  Missouri  side  of  the  river  at  the 
northeastern  corner  of  the  county.  The  western  outcrop 
swings  southward  and  slightly  westward,  crossing  an  east  and 
west  line  through  Ste.  Genevieve,  about  six  miles  west  of  that 
place,  thence  swinging  southeastward  it  passes  out  of  the  state 
near  St.  Marys.  Over  the  whole  of  this  area  the  surface  is  a 
typical  structural  plain.  All  the  overlying  coal  measure  rocks 
have  been  eroded  from  it.  From  the  western  edge  of  the  plain 
west  of  Ste.  Genevieve  the  surface  slopes  with  the  dip  of  the 
rocks  down  to  the  level  of  the  Mississippi  flood  plain  in  front 
of  the  village.  The  town  is  located  at  the  point  where  the 
upper  surface  of  the  lower  Oarbouiferous  rooks  in  the  axis  of 
the  syncline  dips  beneath  the  level  of  the  flood-plain  of  the 
river.  The  surface  slopes  down  to  this  level  with  a  uniform 
slant  from  the  western  edge.  There  are  no  prominent  rock 
bluffs  along  the  river.  The  town  is  built  on  the  extreme  west- 
em  border  of  the  great  flood-plain,  but  on  account  of  the  slope 
of  the  upland  down  to  the  level  of  the  town  the  latter  can  be 
seen  from  any  commanding  point  on  the  sloping  plain  west  of 
it.  From  a  point  of  vantage  four  or  five  miles  west  of  the 
town  it  is  difficult  to  resist  the  conclusion  that  the  structural 
plain  dips  beneath  the  great  flood  plain  and  that  the  latter 
feature  has  been  built  up  upon  the  former  after  it  was  tilted. 
The  higher  rocks  stand  up  as  prominent  bluffs  on  the  opposite 
side  of  the  river  in  contrast  with  the  gradual  slope  upward 
from  the  flood-plain  on  the  western  side. 

Both  to  the  north  and  south,  from  Ste.  Genevieve,  the 
rocks  rise  on  the  flanks  of  the  adjoining  anticlines.  As  they 
become  elevated  above  the  level  of  the  great  flood-plain  their 
eroded  edges  form  bluffs,  rising  gradually  with  the  upward 
inclination  of  the  beds,  until  at  the  northern  and  southern 
edges  of  the  plain  the  bluffs  are  high  and  steep.    The  whole 
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area  iilastrates  Iq  the  most  aamistakable  way  the  effeot  of 
geologic  Btractare  on  sarface  form.  The  present  Barfaoe  con- 
forms exactly  to  the  deformed  sarface  of  the  lower  Oarbonif- 
eroas  rocks.  It  is  slightly  trenched  by  small  streams  bat  the 
upland  is  easily  reconstructed  from  the  many  large  remnants. 

Soath  of  this  district  the  only  rocks  of  lower  Oarbonifer- 
ons  age  which  lie  west  of  the  river  are  in  the  soatheastern 
corner  of  Perry  county.  The  area  is  too  small  to  have  much 
topographic  importance. 

The  Nevada  lowland  constitutes  that  part  of  the  Barton 
platform  which  lies  outside  the  Springfield  structural  plain  and 
which  has  been  developed  on  the  soft  shales  and  sandstones 
of  the  basal  portion  of  the  lower  coal  measares,  as  they  exist 
in  the  southwestern  part  of  the  state.  It  lies  between  the 
western  border  of  the  lower  Oarboniferoas  rocks  in  the  south- 
western part  of  the  state  and  the  Henrietta  escarpment.  Since 
the  latter  feature  does  not  extend  aroand  the  whole  Ozark 
dome  parallel  to  the  Barlington  escarpment  but  is  formed  by 
one  member  of  a  series  unconformably  overlying  the  lower 
Oarboniferous  rocks  the  coarse  is  such  as  to  caase  the  Nevada 
plain  to  be  formed  as  a  wedge-shaped  area.  The  surface  is 
gently  andulating,  with  watercourses  flowing  in  wide  fli^bot- 
tomed  valleys,  bordered  by  low  gentle  slopes.  Toward  the 
western  side  of  the  belt  outliers  of  the  escarpment  bordering 
the  northwestern  side  relieve  the  general  monotony  of  the 
landscape.  The  whole  area  is  practically  down  to  grade.  It 
is  already  a  lowland  of  denudation.  It  has  long  since  passed 
through  its  stage  of  most  pronounced  relief  and  is  now  grad- 
ually wiping  out  the  varieties  of  its  surface.  Oa  the  softer 
rocks  in  the  vicinity  of  Olinton  the  general  level  is  in  many 
places  less  than  50  feet  above  the  level  of  the  flood-plains  of 
the  streams.  Here  again  is  shown  the  rapidity  with  which  an 
area  of  soft  rocks  may  be  reduced  to  a  peneplain.  The  area  of 
the  soft  beds  has  been  exposed  to  degradation  no  longer  than 
that  of  the  harder  limestone  comprising  the  Springfield 
structural  plain  yet  the  soft  ones  have  reached  old  age  in  the 
cycle  while  the  harder  ones  are  yet  in  a  vigorous  youth. 
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Warrensburg  Platform,  This  is  a  term  applied  to  a  large 
area  in  the  northern  and  western  parts  of  the  state,  which  is 
formed  on  that  part  of  the  upper  Oarbooiferons  rooks  lying 
below  the  Bethany  limestone  and  above  the  Henrietta  form- 
ation. Soath  of  the  parallel  passing  through  W^indsor,  in 
Henry  coauty  ,  its  southern  and  eastern  border  is  the  descent 
of  the  Henrietta  escarpment.  North  of  that  line  its  inner 
border  is  a  somewhat  arbitrary  one  in  a  physiographic  sense^ 
bat  a  natural  one  geologically.  It  is  placed  at  the  eastern 
border  of  the  coal  measures.  It  is  not  marked  off  from  the 
adjoining  inner  belt  (the  Springfield  structual  plain)  by  sharp 
physiographic  characters.  The  coal  measure  rocks  lie  upon 
the  lower  Oarboniferous  beds  and  thin  out  to  a  feather  edge, 
the  surface  changing  gradually  from  the  typical  topography 
of  the  former  to  the  typical  dissected  plain  of  the  latter.  The 
western  border  is  a  marked  physiographic  feature.  It  is  the 
Bethany  escarpment  which  extends  across  the  northwestern 
part  of  the  state  as  a  prominent  feature,  being  the  abrupt 
eastern  border  of  an  upland  lying  from  150  to  200  feet  above 
the  plain  east  of  it.  The  Warrensburg  platform,  therefore,  is 
a  broad  area  of  low  relief,  produced  on  the  soft  shales  and 
sandstones  of  the  upper  part  of  the  lower  coal  measures.  It 
comprises  two-thirds  or  slightly  more  of  that  part  of  the  state 
lying  north  of  the  Missouri  river  and  a  large  portion  of  the 
western  part  south  of  that  stream. 

The  sobdivision  into  a  structural  plain  and  a  lowland  is 
not  sufficiently  well  marked  to  require  special  consideration. 
It  is  evident  from  what  has  been  already  said  conceroing  the 
character  of  the  rocks  on  the  inner  border  that  a  structural 
plain  could  not  be  clearly  defined  except  for  a  portion  of  that 
part  of  the  plain  lying  west  of  the  meridian  of  Windsor.  The 
principal  factors  in  the  formation  of  a  structural  plain,  sup- 
posing that  the  nature  of  the  rocks  is  favorable,  are  the  dip  of 
the  beds,  the  elevation  above  grade  and  the  stage  in  the  cycle. 
In  the  case  under  consideration,  in  which  a  hard  bed  forms  the 
base  of  the  platform -making  series,  only  one  of  the  factors 
exists  in  an  advantageous  condition.    The  stage  in  the  cycle 
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(matority)  is  favorable,  bot  the  beds  are  nearly  horizontal  and 
lie  only  for  a  very  limited  width  above  the  local  grade.  There 
is,  along  the  southern  border,  a  very  narrow  zone  which  is 
properly  a  stractaral  plain.  Althoogh  the  nsaal  separation 
into  the  lowland  and  structural  plain  is  not  prominent  here 
there  is  more  than  one  physiographic  type  in  the  area.  The 
characteristic  lowland  feature,  a  land  surface  formed  on  soft 
beds  and  nearly  down  to  grade,  is  the  underlying  factor  in  the 
whole  belt,  yet  the  northern  and  eastern  parts  have  recently 
been  modified,  changing  the  destructional  surface  into  a  con- 
structional surface. 

A  considerable  portion  of  the  plain  in  the  northern  part 
of  the  state  is  altered  by  the  ice  laid  drift,  while  the  eastern 
part,  north  of  the  Missouri  river,  is  modified  by  the  water-laid 
drift.  The  former  is  now  an  irregularly  rolling  surface,  while 
the  latter  is  extremely  flat.  The  three  types  of  surface  relief 
graduate  into  one  another  imperceptibly.  The  unmodified  por- 
tion includes  all  that  part  lying  south  of  the  Missouri  river,  all 
of  Bay  and  Oarroll  and  parts  of  Livingston  and  Ohariton  coun- 
ties. The  portion  covered  by  water-laid  drift,  which  is  known 
as  the  Moberly  plain,  includes  the  southern  part  of  the  area 
lying  east  of  the  Ohariton  river  and  a  narrow  strip  on  each 
side  of  the  Missouri.  It  probably  extends  west  of  the  former 
stream  in  places,  but  that  line  is  adopted  merely  for  conveni- 
ence and  because  the  larger  part  of  the  typical  development 
of  the  plain  lies  east  of  it.  This  gradually  changes  northward 
into  the  ice-laid  drift  portion. 

In  some  places  along  the  southern  border  north  of  the 
Missouri  river  the  Moberly  type  of  surface  relief  laps  over  the 
southern  limit  of  the  Warrensburg  platform,  and  lies  upon  the 
slope  of  the  structural  plain  of  the  lower  Oarboniferous  rocks. 
That  part  of  the  tract  lying  in  a  narrow  zone  on  both  sides  of 
the  Missouri  river  is  greatly  eroded  by  the  subsequent  drain- 
age of  that  stream.  Only  where  the  plain  was  low  did  the  loess 
or  water-laid  drift  extend  far  on  either  side  of  the  river.  In 
Lafayette,  Bay,  Carroll,  Chariton  and  Saline  counties  it  spread 
over  a  considerable  belt  bordering  the  stream.    More  than  one- 
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half  of  the  eastern  part  of  Lafayette  oonnty  was  covered  and 
its  features  still  dominate  the- topography  of  the  area. 

The  nnmodifled  portion  of  the  platform  lying  soath  of  the 
Missouri  river  is  a  gently  nndnlattng  plain  of  low  relief.  The 
streams  have  very  broad  flood-plains  and  in  many  places  the 
limit  between  flood-plain  and  upland  is  not  easily  determined 
without  close  examination.  The  bluffs,  even  where  the  streams 
are  cutting  into  them  are  very  low.  Bock  exposures  are  rare. 
The  sur&ce  is  at  the  grade  of  the  streams  draining  it.  This 
feature  is  particularly  well  developed  along  the  Missouri  Pacific 
railroad  between  Holden  and  Pleasant  Hill.  Farther  eastward 
the  relief  becomes  a  little  more  pronounced,  for  two  reasons. 
The  streams  flow  eastward  and  hence  the  local  grade  is  lower 
than  farther  westward.  The  dip  of  the  rocks  is  such  that 
lower  and  more  resistant  beds  come  to  the  surface  in  that 
direction  also.  The  upland  grade  permits  a  deeper  dissection. 
Along  the  western  border  of  the  belt  the  rocks  are  all  very 
soft  shales  and  sandstones  belonging  to  the  Sniabar  section  of 
the  lower  coal  measures.  Southward  and  southeastward  re- 
sistant limestones  occur  and  on  this  account  the  relief  is  much 
more  pronounced.  The  limestones  thin  out  northward  and 
eastward  or  pass  into  other  kinds  of  strata.  The  area  of  pro- 
nounced relief  is  near  the  southern  border  of  the  platform  and 
the  upland  surface  is  formed  on  the  limestones  constituting  the 
hard  member  of  the  Henrietta  escarpment.  It  is,  strictly  speak- 
ing, a  structural  plain  but  its  area  is  small  and  the  reason  for 
not  describing  it  as  such  has  already  been  given.  The  general 
upland  surface  of  the  southern  and  southeastern  border  is 
about  900  feet  North  of  this,  on  the  softer  rocks  along  the 
main  line  of  the  Missouri  Pacific  railroad  and  also  the  Lexing- 
ton branch  of  the  same  system  the  general  upland  is  about 
850  feet  above  tide  level  but  much  more  of  it  is  worn  away  by 
the  existing  drainage.  The  feature  known  as  Bristol  ridge,  in 
Johnson  county,  lying  between  Main  and  Olear  forks  of  Black- 
water  river  appears  to  be  a  prolongation  northward  of  the 
limestone  part  of  this  area.  These  limestone  beds  may  be  on 
the  same  horizon  as  those  associated  with  the  Lexington  coal 
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bed  in  Lafayette  and  Bay  coauties,  and  if  bo  a  belt  of  ragged 
country  may  exist  along  their  oatcrop  between  the  main  line 
of  the  Missoari  Pacific  railroad  and  the  central  part  of  Lafa- 
yette coanty.  On  accoant  of  the  northwestward  dip  of  the 
beds  these  limestones,  if  they  exist,  would  not  have  as  great 
topographic  effect  as  they  have  farther  south  where  they  are 
higher. 

That  part  of  the  onmodifled  portion  of  the  plain  which 
lies  north  of  the  Missoari  river  is  underlain  by  soft  shales  be- 
longiDg  to  the  Sniabar  formation.  It  is  a  gently  andulating 
plain  nearly  down  to  grade.  The  larger  streams,  such  as  Grand 
river  and  its  larger  tributaries,  have  developed  flood-plains  of 
great  width,  often  five  to  six  miles.  The  uplands  are  low  and 
rock  exposures  are  rare.  Along  the  western  border,  under 
the  Bethany  escarpment  the  plain  rises,  and  becomes  more 
deeply  dissected. 

Very  little  can  be  said  about  the  ice-laid  drift  portion  of 
the  platform.  The  modification  is  very  slight  so  that  the  gen- 
eral features  are  essentially  the  same  as  in  the  unmodified  por- 
tions. The  line  separating  the  two  divisions  cannot  be  drawn. 
The  Moberly  plain,  that  part  of  the  Warrensburg  platform 
which  is  modified  by  the  water-laid  drift,  is  an  extremely  flat  up- 
land which  is  more  or  less  dissected  especially  around  its  bord- 
ers. The  interior  portion  is  a  broad,  flat  surface  having  its  con- 
structional form  well  preserved.  It  is  greatly  dissected  along 
its  southern  border  by  the  backward  growth  of  the  subsequent 
drainage  of  the  Missoari  river.  In  the  interior  it  is  crossed 
by  several  small  rivers  which  have  excavated  broad  valleys, 
the  bottoms  of  which  extend  into  the  underlying  Paleozoic  rocks, 
and  the  subsequent  drainage  of  which  has  made  considerable 
inroads  on  each  side.  Its  most  typical  development  is  along 
the  watershed,  between  the  Mississippi  and  Missouri  rivers, 
which  extends  northward  and  eastward  from  the  northern  part 
of  Boone  county.  Its  elevation  is  uniformly  about  870  feet 
above  tide  level. 

Oentry  Platform.  This  area  embraces  all  that  part  of  the 
state  lying  north  and  west  of  Bethany  escarpment.    It  con- 
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sists  of  two  sabdi visions,  the  Lathrop  plain  and  the  Maryville 
lowland.  The  two  parts  are  distinct  in  their  typical  develop- 
ment bnt  are  not  sharply  separated. 

The  Lathrop  plaio  inclades  the  southern  and  eastern  parts 
of  the  platform.  It  is  supported  by  the  limestones  and  shales 
constituting  the  lower  part  of  the  upper  coal  measures.  The 
lowest  bed  is  the  Bethany  limestone  which  constitutes  the  hard 
member  of  the  escarpment  limiting  the  plain  on  the  east.  The 
western  margin  is  a  line  running  a  little  east  of  north  from 
Forest  Oity.  That  part  of  the  belt  lying  south  of  the  Missouri 
river  has  an  average  upland  elevation  of  more  than  1100  feet 
above  tide  level.  Northward  there  is  a  slight  decline  to  the 
Hannibal  &  St.  Joseph  railroad  where  the  elevation  is  about 
1025  feet.  Thence  northward  is  a  gentle  rise  to  the  Iowa  state 
line  where  the  elevation  is  about  1100  feet.  The  northward 
decline  is  the  result  of  the  northwestward  dip  of  the  rocks. 
That  part  of  the  platform  is  to  that  extent  a  structural  plain 
but  it  differs  from  the  type  in  being  formed  on  the  bevelled 
edges  of  many  strata  instead  of  the  upper  surface  of  one  re- 
sistant bed.  Along  the  western  border  of  the  plain  there  is 
probably  a  narrow  tract  that  is  really  a  structural  plain  but  it 
is  narrow  and  does  not  differ  in  surface  features  from  the  rest 
of  the  belt. 

The  L'ithrop  plain  is  probably  the  largest  area  of  the  Ter- 
tiary peneplain  now  existing  in  the  state  in  an  unmodified  con- 
dition, unless  the  upland  surface  of  the  Salem  plateau  be  of 
the  same  origin.  Elsewhere  the  old  peneplain  is  eroded  to 
form  the  lowlands  and  structural  plains,  only  a  small  strip,  if 
any,  remaining  along  the  higher  margins  of  the  platforms.  The 
Lathrop  plain  is  a  broad,  flat  or  gently  undulating  upland 
deeply  dissected  along  the  border  by  the  larger  creeks.  All 
the  streams  except  the  largest,  flow  over  rocky  beds  and  have 
relatively  rapid  slopes.  The  valleys,  except  in  the  interior,  are 
narrow  and  relatively  deep.  The  relief  is  not  so  pronounced 
as  in  the  Ozirk  region  nor  even  in  the  eastern  part  of  the 
Springfield  structural  plain,  yet  when  compared  with  that  of 
the  Warrensburg  platform  it  is  bold.    It  is  cut  into  two  parts 
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by  the  Missoari  river,  which  lies  about  300  feet  below  the  level 
of  the  plain. 

The  Maryville  lowland  inclades  that  part  of  the  state  lying 
northwest  of  the  Lathrop  plain.  It  is  very  little  lower  than 
the  latter  when  referred  to  tide  level,  but  when  referred  to  the 
grades  of  the  largest  stream  along  its  border,  which  serve  as 
the  reference  plain  for  the  local  relief,  it  is  found  to  lie  100  to 
150  feet  lower,  except  along  its  eastern  border.  The  Lathrop 
plain  as  already  stated  lies  about  300  feet  above  the  Missouri 
river  where  it  crosses  it.  The  Maryville  lowland  rises,  only 
one-half  of  this  distance  above  the  same  datum,  between  For- 
est Oity  and  the  northwestern  corner  of  the  state.  It  is  formed 
on  a  series  of  soft  shales  and  sandstones  which  occupy  the  top 
of  the  coal  measures  as  represented  in  Missouri.  Limestone 
occurs  very  sparingly  and  in  very  thin  beds.  The  area  is 
crossed  by  numerous  large  creeks  and  small  rivers  so  that  it 
is  past  its  mature  stage  of  development.  The  relief  is  faint 
and  is  becoming  fainter.  It  is  a  rolling  or  rather  strongly  undu- 
lating surface.  It  is  modified  somewhat  along  the  Missouri 
river  by  the  loess  and  over  probably  all  the  rest  of  its  area  by 
the  till  or  the  ice-laid  drift.  The  general  elevation  of  the  sur- 
face is  about  1000  feet.  It  is  not  a  part  of  the  Tertiary  pene- 
plain now  uplifted  and  only  slightly  dissected,  but  it  is  well 
advanced  in  its  cycle  and  probably  all  the  remnants  of  the 
peneplain  have  been  obliterated. 

THE  TERTIARY  LOWLAND. 

One  of  the  most  pronounced  physiographic  areas  of  Mis- 
souri is  the  so-called  swamp  region  in  the  southeastern  corner. 
Northward  and  westward  it  is  limited  by  the  southeastern 
border  of  the  Ozark  region,  but  southward  it  extends  into  the 
neighboring  states.  It  is  developed  on  the  Tertiary  rocks  of 
the  coastal  plain.  The  southeastward  slope  of  the  Ozark 
region  descends  from  the  central  part  of  the  dome  nearly  to 
the  level  of  the  lowland  at  the  line  between  the  two.  There 
is  in  most  places  along  the  line  in  Missouri  an  abrupt 
change  in  features  in  passing  from  the  Ozark  region  to  the  low- 
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land.  According  to  the  best  deBcriptions  available  the  Ozark 
region  is  terminated  by  a  bluff,  low,  but  yet  a  marked  feature. 
Its  height  is  nearly  100  feet.  There  are  two  or  three  oatlying 
areas  of  the  Ozark  region  within  the  area  of  the  lowland. 
These  are  very  probably,  small  ineqaalities  of  the  sarface  on 
which  the  Tertiary  sediments  were  laid,  which  have  been  since 
ancovered  by  denadation.  The  region  is  divisible  into  two 
parts,  one  an  extremely  low  and  flat  region  almost  entirely 
withoat  any  variation  in  relief,  while  the  other  is  Orowley  ridge 
a  narrow  strip  of  highland  ranning  northeast  and  soathwest, 
tarning  gradually  southward,  and  crossing  the  state  line  in  a 
north  and  south  direction. 

Orowley  *  ridge  is  a  residual  of  this  cycle  of  development. 
The  low  areas  around  it  have  been  worn  down  from  a  former 
elevation  equal  to  that  of  the  upland,  part  of  which  still  exists, 
though  probably  not  at  its  former  height.  The  ridge  is 
gradually  wasting  away  from  both  sides  and  will  soon  be 
reduced  to  the  lowland  level.*  It  is  broken  up  into  several 
short  elevated  and  irregular  areas,  with  lowlands  between. 
The  southern  part,  lying  in  Arkansas,  is  continuous  for  many 
miles.  It  is  wider  and  higher  also  than  the  part  lying  in  Mis- 
souri. The  northern  end  is  more  nearly  obliterated  than  the 
southern.  The  ridge  is  a  narrow  remnant  of  the  Ooastal  plain 
and  is  the  homologue  of  the  Tertiary  uplands  of  northern  Mis- 
sissippi, central  Alabama  and  the  east* central  parts  of  the 
Atlantic  coast  states.  The  lowland  on  the  west  of  it,  between 
it  and  the  Ozark  region  is  a  subsequent  lowland,  apparently  a 
product  of  the  cycle  now  in  progress  and  worn  along  the  strike 
of  weak  rocks.  It  is  the  homologue  of  Long  Island  sound  and 
the  inner  lowlands  of  the  Tertiary  area  of  the  Atlantic  and 
Oulf  states.  The  western  slope  of  the  ridge  is  a  true  inland 
facing  escarpment  and  the  gradually  eastwardly  sloping  top  is 
the  back  slope.  Its  eastern  face  is  the  bluff  bordering  the 
Mississippi  flood-plain. 

•See  Geogr.  Devel.  Crowley  Kldge:  Proc.  Boston.  Soc.  Nat.  Hist.,  vol.  xxvi» 
pp.  48(M88.  1894. 
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The  lowland  on  the  east  is  a  flood-plain  produced  by  the 
MissisBippi  river,  that  on  the  west  is  a  lowland  of  general 
degradation  produced  by  the  streams  now  flowing  through  it 
by  the  erosion  of  very  soft  rocks.  The  lowland  extends  con- 
tinuously from  the  Mississippi  river  along  the  inner  border  of 
the  lowland  area  beyond  the  state  line.  It  varies  greatly  in 
width.  Near  the  southern  boundary  of  the  state  it  is  more 
than  twenty  miles  wide,  but  a  few  miles  east  of  Poplar  Bluff 
the  outlying  areas  of  Orowley  ridge  extend  to  within  four 
miles  of  the  Ozark  highlands,  across  the  inner  lowland  and  then 
across  Orowley  ridge  in  a  rather  deep  and  comparatively  nar* 
row  valley.  The  other  streams  which  flow  out  upon  the  low- 
land from  the  Ozark  region  flow  across  it  and  through  the  ridge 
into  the  Mississippi.  Southwest  of  (he  St  Fraincois  river  the 
streams,  on  entering  the  inner  lowland  turn  abruptly  at  right 
angles  to  their  upper  courses  reaching  the  Mississippi  through 
the  White  and  the  Arkansas  rivers. 

HYDROGRAPHY. 
M4IN  DBAINAGB  FBATUBES. 

Missouri  lies  in  the  center  of  the  great  interior  lowland  of 
the  United  States.  The  trunk  lines  of  its  drainage  are  the 
Mississippi,  Missouri  and  Arkansas  rivers.  The  Mississippi 
river  constitutes  the  whole  of  the  eastern  boundary  of  the 
state.  The  Missouri  forms  nearly  one-half  of  the  western 
boundary  and  then  bends  abruptly  eastward  to  its  junction 
with  the  Mississippi,  a  few  miles  above  the  city  of  St  Louis. 
The  greater  part  of  the  general  drainage  reaches  the  two  streams 
within  the  limits  of  the  state.  The  southeastern  side  of  the 
Ozarks  is,  however,  drained  by  streams  which  enter  the  Missis- 
sippi some  distance  south  of  the  state  line.  A  small  area  of 
the  western  portion  of  the  dome  is  drained  southward  around 
its  western  end,  through  Spring,  Grand,  Neosho  and  Arkansas 
rivers.  The  larger  part  from  the  southeastern  slope  reaches 
the  Arkansas  through  White  river  though  it  is  long  after  both 
streams  have  entered  the  flood-plain  of  the  Mississippi.    The 
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present  condition  by  which  White  river  is  a  tributary  of  the 
Arkansas  instead  of  the  Mississippi  is  evidently  a  temporary 
one.  The  waters  flowing  into  the  Arkansas  aronnd  the  west- 
ern end  of  the  dome  enter  the  latter  far  above  its  month  in  the 
Indian  Territory.  Between  this  and  the  month  of  White  river, 
a  distance  of  about  325  miles,  the  Arkansas  received  no  tribu- 
tary from  Missouri. 

The  present  drainage  of  the  state,  so  far  as  its  direction  is 
concerned,  is  of  very  late  geological  date.  Before  or  during 
Oretaceous  time,  the  Mississippi  river  did  not  exist,  except  as 
a  small  stream  draining  a  small  area  adjacent  to  the  present 
mouth  of  the  Ohio.  The  existence  of  vast  Oretaceous  deposits 
over  Minnesota  and  Iowa  show  conclusively  that  the  northern 
part  of  the  present  valley  was  part  of  the  Oretaceous  sea  bot- 
tom. The  submergence  may  have  included  a  large  part  of 
Missouri.  If  the  Oretaceous  deposits  along  their  present  east- 
ern border  have  been  eroded  as  much  as  they  have  been  further 
west,  it  is  certain  that  they  originally  covered  part  of  the  state. 
Beds  of  Oretaceous  strata  still  exist  in  southwestern  Iowa  so 
near  the  Missouri  line  that  there  is  no  doubt  as  to  their  original 
extension  into  the  adjacent  parts  the  latter  state.  The  drainage 
of  the  northern  part  of  the  state  must,  at  that  time,  have  been 
northwestward.  That  of  the  southern  part  may  have  been,  and 
probably  was,  southeastward  into  the  Oretaceous  sea  of  the 
present  Mississippi  embayment.  The  divide  between  the 
Oretaceous  sea  on  the  northwest  and  that  on  the  southeast 
must  have  passed  northeast  and  southwest  about  through  the 
middle  of  the  state.  The  (upper)  Mississippi  river  probably 
assumed  its  present  course  about  the  close  of  Oretaceous 
time. 

The  present  upper  Missouri  river  is  of  still  later  date  than 
the  Mississippi.  Far  into  Neooene  time  a  large  part  of  the 
area  now  drained  by  this  stream  was  a  lake  bed.  The  eastern 
border  of  the  lake  was  not  far  from  the  present  position  of  the 
river  channel  along  the  eastern  border  of  Nebraska.  It  is 
highly  probable  that  part  of  northwestern  Missouri  was  drained 
into  one  of  these  lakes.    The  rest  of  the  state  was  drained  into 
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the  galf  of  Mexico  through  the  Mississippi  river.  Whether 
any  stream  at  that  time  flowed  along  the  present  coarse  of  the 
lower  Missoari  throagh  the  e^iSterD  part  of  the  state  is  not 
known.  From  what  his  been  Q\\d  before,  however,  it  is  pro- 
bable that  the  present  coarse  and  position  of  the  Missoari 
across  the  eastern  part  of  the  state  was  adopted  either  by  the 
Missoari  itself  or  by  a  small  predecessor  before  the  uplift  of 
the  Ozark  dome.  The  date  of  that  aplift  is  placed  in  Neocene 
time,  later  than  Eocene  but  earlier  than  Lafayette.  The  interior 
lakes  were  drained  and  the  whole  drainage  of  the  western 
interior  basin  turned  into  the  Mississippi  as  a  resalt  of  the  late 
Tertiary  movements  in  the  Bocky  Mountain  region.  The  pre- 
sent Missouri  river  is,  therefore,  no  older  than  middle  Neocene 
and  probably  no  younger  than  Lafayette  time.  It  took  its 
present  course  about  the  time  of,  or  soon  after,  the  initiation 
of  the  last  upward  movement  in  the  Ozark  region.  Its  course 
as  far  as  Glasgow  is  apparently  consequent  on  the  slope  deter- 
mined by  the  movements  in  the  Rocky  Mountain  region. 
Below  Glasgow  the  course  may  have  been  determined  either 
by  the  course  of  a  preceding  smaller  stream  or  it  may  have 
been  guided  by  the  movement  that  was  then  taking  place  in 
the  Ozark  region.  The  secondary  drainage  of  the  state  naturally 
falls  into  two  divisions,  corresponding  to  the  twolarge  divisions 
of  the  general  upland:  The  Ozark  region  and  the  Prairie 
region. 

DBA.INAGB   OF  THB   OZA.BK    BBOION. 

Consequent  Phase.  Two  principal  phases  of  drainage  are 
exhibited :  the  Oonsequent  and  the  Modified.  The  flrst  is  radial 
down  the  slopes  of  the  dome  (see  plate  i).  It  is  a  typical 
example.  Its  character  is  determined  by  the  constructional 
slopes  of  the  region.*  It  is  not  only  radial,  in  general,  down 
the  constructional  slopes  of  the  great  arch  but  it  maintains  the 
same  relations  to  the  small  areas  of  uplift  which  exist  at  var- 
ious places  on  the  larger.  A  typical  example  is  the  Farming- 
ton  anticline  shown  in  figure  5.    The  direction  of  the  drainage 

*  See  Missouri  Geol.  Sur. ,  vol.  vc,  p.  3ji,  isa*. 
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follows  the  steepest  ooDStraotional  firradient.  The  top  of  the 
anticHoe  has  been  removed  and  the  edges  of  the  eroded  beds 
lie  OD  the  slopes  of  the  dome,  forming  escarpments,  in  some 
places  higher  than  the  present  surface  along  the  main  axis,  yet 
the  streams  flow  from  the  inner  lowland  directly  across  the 
escarpments  down  what  were  at  one  time  the  constrnotional 
slopes  of  the  arch.  Whether  the  drainage  was  oatlined  as  it 
now  exists  after  or  daring  the  aplift,  or  whether  its  present 
condition  is  the  resnlt  of  headward  growth  according  to  the 
law  recently  annonnced  by  Oampbell,*  the  limits  of  the  age  of 
the  drainage  remains  the  same,  that  is,  it  is  not  older  than  the 
initiation  of  the  movement  which  raised  the  present  dome. 

Modified  Phase.  While  the  drainage  of  the  inner  part  of 
the  Ozark  region  is  radial,  or  down  the  line  of  steepest  descent, 
the  greater  pirt  of  th«t  in  the  rim  depsirts  more  or  les9  from 
this  arraogement.  The  most  conspicnons  departure  is  the  up- 
per part  of  White  river,  as  hereafter  described.  Another 
stream,  on  the  southern  slope  of  the  dome  which  does  not  fol- 
low a  radial  course  is  the  Jack  fork  of  Oarrent  river.  The 
streams  both  east  and  west  of  it  flow  sontheastwardly  but  its 
course  is  eastward.  Instead  of  flowing  down  the  line  of  steep- 
est constructional  slope  it  runs  along  the  side  of  the  dome 
nearly  parallel  to  the  course  of  the  axis.  * 

On  the  northern  slope  of  the  uplift  there  are  two  or  three 
very  marked  peculiarities  in  the  stream  courses.  The  main 
trunk  of  the  Gasconade  river  is  formed  by  the  union  of  four 
large  creeks  all  of  which,  above  their  junction,  flow  down  the 
constructional  slopes.  Their  drainage  basins  are  nearly  fifty 
miles  loog,  bat  only  about  one-fifth  as  broad.  Big  Piney,  which 
is  the  last  one  to  unite  with  the  others  is  the  largest  and  its 
course  is  the  most  direct  of  any  of  the  four.  After  the  union 
of  the  Odage  and  Gasconade  branches  in  the  eastern  part  of 
Laclede  county,  the  resulting  stream  turns  from  the  northward 
course  of  the  two  branches  into  a  northeastward  course.  The 
change  is  not  abrupt  though  very  prooouQced.     Gradually  the 

•  Science,  vol.  in,  p.  51,  1896. 
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coarse  becomes  more  eastward  and  below  the  mouth  of  the 
BonbidoQx  the  third  of  the  main  branches,  the  general  coarse 
for  ten  miles  or  more  is  eastward.  The  valley  or  gorge  is 
exceedingly  crooked  over  the  whole  of  this  distance  bat  the 
coarse  here  referred  to  is  the  general  one.  A  short  distance 
below  the  month  of  Big  Piney  the  river  changes  rather  abrapUy 
to  a  coarse  bat  little  east  of  north  becoming  again  very  nearly 
a  sabseqaent  stream.  From  the  point  at  which  the  coarse 
changes  northeastward,  at  the  month  of  the  Osage  fork,  to 
where  it  tarns  northward  again  soath  of  Arlington  the  distance 
is  about  twenty-five  miles.  If  this  part  of  the  course  of  the 
river  is  continued  northeastward  from  the  mouth  of  Big  Piney 
it  is  seen  to  agree  remarkably  well  with  the  coarse  of  the 
Meramec.  It  also  agrees,  appropriately,  with  the  axial  trend 
of  the  uplift.  The  Meramec  drains  a  large  part  of  the  northern 
slope  of  the  Ozark  region.  The  uppermost  or  most  westerly 
branch  of  the  main  trunk  rises  in  the  northwestern  part  of  Dent 
county  and  flows  almost  directly  northward  for  a  distance  of 
thirty  tniles  to  the  neighborhood  of  BoUa.  It  then  turns 
sharply  to  the  northeast.  Fifteen  miles  above  its  mouth  it 
makes  another  abrupt  turn,  this  time  to  the  southeast,  reach- 
ing the  Mississippi  about  twenty  miles  below  St.  Louis.  All 
its  principal  tributaries  flow  north  vrard  from  their  sources  until 
they  enter  the  main  stream. 

The  peculiarities  concerning  the  Gasconade,  Meramec  and 
the  Jack  fork  of  Oarrent  river  admit  of  at  least  two  interpreta- 
tions. They  could  be  the  result  of  adjustment  to  the  structure, 
or  they  could  be  inherited  from  a  former  cycle  when  the  con- 
structional slopes  were  different  from  those  at  the  beginning 
of  the  present  one.  No  facts  have  been  gathered  in  the  region 
with  this  point  in  mind.  The  only  data  for  deciding  which,  if 
either,  of  the  interpretations  is  the  correct  one  are  general 
considerations  on  the  nature  of  the  facts  to  be  interpreted  and 
a  few  facts  of  observation  that  were  obtained  incidentally, 
before  these  problems  were  presented  for  solution.  If  the 
courses  of  these  streams  were  dne  to  a  former  constructional 
form  different  firom  the  existing  one  and  had  been  transmitted 
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bj  ioheiiUoce  to  tbe  exiatiog  streams,  the  Gasconade  would 
persist  io  followlog  its  former  coarse  for  a  greater  distaDce 
than  it  does*  If  it  had  originally  been  a  part  of  what  is  now 
the  Meramec  there  should  be  some  eridence  of  it  in  the  sarfisce 
relief.  The  most  probable  interpretation  is  that  the  existing 
phenomena  are  dne  to  adjustment  to  stmctare,  either  daring  a 
former  cycle  or  early  in  the  present  one.  One  fact  in  support 
of  this  is  the  correspondence  between  the  course  of  the 
deflection  of  the  streams  and  the  strike  of  the  rocks.  As  was 
shown  in  tbe  consideration  of  tbe  Salem  plain,  the  sarfieuse  of 
the  dome  is  not  a  constructional  sur&ce  but  is  made  up  of  the 
bevelled  edges  of  more  than  one  bed.  The  strata  outcrop  in 
concentric  ellipses  around  the  dome,  the  strike  except  at  the 
extremities  being  approximately  parallel  to  the  axis  of  the 
uplift.  Such  an  arrangement  of  strata  is  favorable  to  adjust- 
ment of  streams  to  courses  along  the  belts  of  soft  rocks* 
Whether  or  not  the  conditions  existed  in  the  particular  locali- 
ties under  consideration  has  never  been  determined.  One  fact 
indicates  that  they  probably  do ;  that  is,  the  existence  of  a  well- 
defloed  ^*  bench  "  on  each  side  of  the  Gasconade  river  at  the 
crossing  of  the  Saint  Louis  &  San  Francisco  railroad.  The 
river  at  this  point  has  a  narrow  valley  the  bottom  of  which  is 
about  680  feet  above  tide  water.  This  is  bordered  by  steep 
bluffs  rising  nearly  300  feet  to  a  ^^  bench  "  fully  a  mile  wide. 
Then  beyond  this  is  another  steep  rise  of  about  200  feet  to  the 
top  of  the  ridge  at  Dixon.  The  evidence  does  not  point  to  an 
old  and  high  tlood-plain  of  the  river  but  rather  to  a  bench 
formed  by  the  recession  of  an  escarpment  of  resistant  rocks 
overl>iDg  softer  areas.  If  such  is  the  case  the  escarpment 
must  turn  to  a  northeast-southwest  course  a  short  distance 
south  of  the  railway.  The  northeastwardly  flowing  part  of  the 
Gasconade  river  may  be  due,  therefore,  to  subsequent  growth  of 
a  branch  of  Big  Piney  along  the  belt  of  soft  rocks  and  the 
capture  of  the  headwaters  of  streams  originally  tributary  to 
the  Osage.  The  Meramec  lies  along  the  same  line  and  may  be 
due  to  a  similar  process  acting  along  the  strike  of  the  same 
rocks. 
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Special  observations  in  the  field  to  support  a  similar  inter- 
pretation of  the  coarses  of  the  Jack  fork  of  Onrrent  river  have 
not  been  made.  The  fact,  however,  as  is  shown  on  the  map, 
that  the  course  of  the  stream  is  in  line  with  the  strike  of  the 
northern  edge  of  the  lower  Oarboniferoas  rocks  at  the  begin- 
ning of  the  present  cycle  is  certainly  suggestive.  The  same 
rocks  evidently  extended  eastward  from  Sterling  until  late  in 
the  preceding  cycle.  Jack  fork  is  in  just  the  attitude  of  a 
stream  that  had  become  adjusted  to  the  lowland  inland  from 
their  outcrop.  This  interpretation  can  be  considered  as  a 
working  hypothesis  only,  the  facts  showing  that  some  special 
condition  prevails.  It  can  hardly  be  the  result  of  the  con- 
structional slope  at  the  beginning  of  the  present  cycle. 

Adjustment  of  White  River.  White  river  is  formed  by  the 
union  of  a  large  number  of  small  streams  which  rise  at  the  foot 
of  the  escarpment  forming  the  Boston  mountains  in  north- 
western Arkansas.  From  its  source  to  its  mouth,  its  course  is 
northward,  northeastward  and  then  southeastward.  It  flows 
northward  about  50  miles,  then  northeastward  about  40  miles, 
and  then  southeastward  more  than  100  miles.  The  first  part 
of  its  course  is  toward  the  axis  of  the  Ozark  dome,  the  second 
part  is  parallel  to  it,  and  the  other  part  is  away  from  it  and 
down  the  dip  of  the  rocks  and  of  the  constructional  slope. 
The  upper  portion  of  the  river  and  its  northward-flowing 
tributaries  is  the  only  stream  of  the  Ozark  region  which  flows 
directly  against  the  dip  of  the  rocks.  The  second  part  main- 
tains the  same  relation  to  the  strike  of  the  rocks  as  that  held 
by  Jack  fork  and  parts  of  the  Gasconade  and  Meramec  rivers. 
The  third  is  part  of  the  general  radial  drainage.  These  facts 
point  to  the  conclusion  that  the  northeastward  part  of  the 
course  is  the  result  of  adjustment  to  the  structure  of  the  rocks  ; 
the  exact  date  being  not  very  clear.  The  strata  causing  the 
deflection  are,  however,  easily  determined.  They  are  evidently 
the  sandstones  forming  the  great  northward  facing  escarpment 
of  the  Boston  mountains  and  belonging  to  the  upper  part  of 
the  lower  Carboniferous  and  the  lower  part  of  the  coal 
o— 6 
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meaisareB.  Daring  the  latter  part  of  the  lower  Garboniferoas 
epoch  the  greater  portion  of  Missoari  was  elevated  above  sea- 
level,  the  Bhore-line  retreating  Bonthward  to  about  the  present 
Bouth western  corner  of  the  state.  It  extended  thence  north- 
eastward to  the  vicinity  of  Chester,  Illinois.  While  it  stood  at 
this  level  a  considerable  thickness  of  sandstone  was  deposited 
in  the  shallow  water  along  the  coast.  The  shore-line  soon 
advanced  northward  and  with  it  the  sandstones  and  shales  of 
the  lower  coal  measares  were  deposited.  The  lower  Garbonif- 
eroas shales  and  sandstones  whose  northern  border  extended 
from  northeast  to  sonthwest  across  the  state  from  Ghester, 
were  bnried  beneath  the  coal  measure  rooks.  The  basal  mem- 
ber of  the  latter  is  a  resistant  sandstone.  After  the  post- 
Garboniferons  npllft  these  rocks  were  sabjected  to  erosion 
under  unknown  but  varying  conditions,  passing  through  one 
or  more  cycles  of  erosion  the  last  one  of  which  was  closed  by 
the  Tertiary  uplift  and  warping  of  the  rocks  of  the  Ozark 
region.  Daring  this  time  the  rocks  of  the  coal  measures  were 
completely  removed  from  the  area  occapied  by  the  Ozark 
dome.  The  outcrops  of  the  basal  sandstone  of  the  coal  meas- 
ures south  of  the  Ozark  region  was  probably  about  as  shown 
in  the  accompanying  cut  (figure  14).  The  sandstone  being 
much  more  resistant  than  the  underlying  Kaskaskia  shales  it 
existed  as  a  faint  escarpment  even  up  to  the  close  of  the  cycle. 
The  outcrop  did  not  extend  parallel  to  the  axis  of  the  present 
Ozark  uplift.  The  original  northward  border  of  the  shales  and 
probably  the  northern  border  of  the  successive  beds  of  the 
coal  measures  had  a  trend  northeastwardly,  yet  by  the  close  of 
the  last  cycle  the  embayment  drainage  had  driven  the  eastern 
part  of  the  Missouri-Arkansas  border  southward  to  the  posi- 
tion indicated  by  the  escarpment  in  the  cut.  Then  came  the 
uprising  of  the  Ozark  region.  The  axis  of  uplift  had  a  direc- 
tion northeastward  and  southwestward.  The  western  part  of 
the  outcrop  of  the  Kaskaskia  shales  and  the  overlying  sand- 
stones was  raised  higher  than  the  eastern  part  because  the 
former  lay  nearer  to  the  crest  of  the  uplift  than  the  latter. 
As  the  constructional  slope   was  southeastward  but  inland 
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(Dor)bward)  ft-om  the  ooal  meaanre  eBoarpment  tbe  drainage 
could  Qot  flow  directly  down  tbe  dip  of  the  rooks  bat  bad  to 
turn  eastward,  along  tbe  lowland  in  ft-ont  of  it  to  its  eastern 
limit  brfore  it  Inrned  sou  tb  east  ward.  The  drainage  &oin  tbe 
lowland  north  of  the  escarpment  may  for  a  short  time  have 
passed  across  tbe  latter  down  the  oonstmctional  slope.  If  so 
it  was  early  diverted  to  the  lowland  to  the  north  by  some 


stream  which  was  fortunate  enongb  to  be  located  far  enongh 
to  the  fast  to  avoid  the  escarpment.  In  either  case  the  present 
'arrangement  is  doe  to  adjustment  to  etmotnre.  Kings  river 
and  tbe  upp^r  northward  flowing  braneheB  of  the  White  are 
tbe  rcsnll  ofheadward  growth  of  originally  small  streams. 

North  Fork  of  Spring  River.  Another  case  in  which  the 
present  conrfie  of  a  stream  is  dne  to  capture  by  more  fortun- 
ately located  waterways  is  that  of  tbe  North  fork  of  Spring 
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river,  in  Barton  county.  It  rises  on  the  slope  of  the  Ozark 
dome  a  short  distance  north  of  the  axis.  Its  apper  coarse  as 
far  as  Lamar  is  northwestward,  and  is  in  line  with  the  present 
upper  coarse  of  Dogwood  creek  which  flows  northward  into 
the  Osage.  Instead,  however,  of  continaing  in  the  direction 
of  its  upper  portion  it  tarns  at  Lamar  to  a  southernly  coarse 
and  reaches  the  Arkansas  river  through  the  Neosho.  The  lat- 
ter stream  is  fortunate  in  being  located  far  enough  westward 
to  reach  its  grade  without  having  to  cut  the  resistant  rocks 
below  the  soft  shales  of  the  coal  measures.  At  only  one  place 
after  it  turns  south  and  that  only  for  a  short  distance,  does 
Spring  river  cut  the  lower  Oarboniferous  limestones.  The 
ease  and  rapidity  with  which  it  was  able  to  work  down  to 
grade  allowed  it  to  work  headward  and  rob  the  Osage  river  of 
some  of  its  territory  because  the  latter  stream  had  to  cut  its 
whole  valley  in  resistant  rocks  and  was  longer  in  reaching  a 
safe  position. 

Drainage  of  Eastern  Part  of  the  Ozarks.  The  drainage  of 
the  eastern  end  of  the  Ozark  region  is  in  marked  contrast  to 
that  of  the  western  part  A  large  area  of  the  latter  is  drained 
westward.  The  drainage  follows  the  constructional  slopes  as 
closely  as  on  the  inner  area  farther  eastward.  Only  a  narrow 
fringe,  however,  of  the  eastern  part  of  the  region  is  drained 
eastwardly  into  the  Mississippi.  Big  river  has  at  first  an  east- 
ward course,  but  after  reaching  the  eastern  side  of  St.  Fran- 
cois county  where  it  is  only  twenty-five  miles  from  the  Missis- 
sippi river  it  turns  sharply  northwestward  gradually  changing 
to  northward  and  finally  reaches  the  Mississippi  through  the 
Meramec  after  flowing  a  distance  of  more  than  fifty  miles  from 
the  point  of  departure  from  its  eastward  course.  The  south- 
ward flowing  streams  likewise  flow  parallel  to  the  Mississippi^ 
and  leave  only  a  narrow  belt  to  be  directly  drained  into  the 
larger  stream.  This  arrangement  is  undoubtedly  due  to  the 
influence  of  the  strong  escarpment  which  trends  northward 
and  southward  a  few  miles  west  of  the  Mississippi  floodplain. 
The  relation  which  each  has  had  and  the  particular  relations 
of  each  to  particular  streams  is  a  matter  yet  to  be  determined^ 
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thongh  the  general  relation  is  clear  from  an  inspection  of  the 
map. 

Superposed  Streams,  The  constractional  coarse  of  a 
etream  is  selected  with  reference  to  the  attitudes  of  the  sur&ce 
rocks  only.  These  may  be  anderlain  by  rocks  which  have  a 
totally  different  character  and  attitude.  A  stream  may,  there- 
fore, daring  the  coarse  of  its  history,  cat  through  the  rocks 
on  whose  surface  it  took  its  origin  and  find  itself  in  a  course 
across  the  underlying  rocks,  without  regard  to  their  structure. 
It  is  merely  an  accident  if  a  stream  takes  a  position  on  an  un- 
derlying from  an  overlying  terrane  in  an  attitude  as  favorable 
as  one  it  would  have  selected  had  it  taken  its  course  upon  the 
former.  A  stream  thus  let  down  from  an  overlying  terrane  on 
an  underlying  discordant  one  is  said  to  be  superposed  upon 
the  latter.  It  has  a  course  that  was  determined  by  overlying 
rocks  which  have  since  been  removed.  Superposition  can 
have  no  geographic  significance  except  where  a  stream  is  let 
down  from  one  series  of  beds  upon  an  underlying  uncomform- 
able  series.  Even  in  that  case  it  has  very  slight  effect  unless 
there  is  a  great  difference  in  resistance  as  well  as  structure 
between  the  two  series.  The  ideal  conditions  prevail  in  the 
case  of  recent  or  unmetamorphosed  beds  overlying  crystalline 
or  deformed  metamorphic  rocks. 

The  only  place  in  which  superposition  has  any  significance 
in  Missouri  is  in  the  crystalline  region  of  the  southeast.  A 
number  of  streams  have  been  let  down  from  the  constructional 
eurface  of  Paleozoic  limestones  across  ridges  or  hills  of  the 
old  eroded  surface  of  the  crystallines.  Such  places  are  known 
locally  as  ^'shut-ins."  The  old  crystalline  land  surface  on 
which  the  Paleozoic  sediments  were  laid  was  very  uneven. 
Since  there  was  nothing  to  indicate  the  positions  of  the  buried 
valleys  the  streams  find  themselves  let  down  across  the  old 
divides  or  along  the  old  valleys  in  a  perfectly  haphazard  way. 
The  crystallines  are  much  more  resistant  both  to  corrasion  and 
to  atmospheric  degradation  than  the  Paleozoics.  When  any 
part  of  a  stream  encounters  a  ridge  of  the  former  its  rate  of 
erosion  and  channel  corrasion  are  diminished.    The  extremely 
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reaistaut  orystallines  Berve  as  a  local  baselevel  below  which 
the  upstream  part  cannot  descend.  While  the  stream  is  cat- 
ting a  narrow  gorge  into  the  hard  rocks^  the  softer  limestones 
on  either  side  are  wasted  away  and  a  broad  nndolating  low- 
land is  opened  out  on  the  softer  Paleozoic  rocks.  The  result 
is  a  broad,  wide,  open  valley,  well  cultivated  because  the  lime- 
stone soil  is  fertile,  drained  through  a  narrow  and  often  a  deep 
gorge  through  a  ridge  of  crystallines.  The  streams  have  not 
*'  broken  though ''  the  crystalline  ridges  but  have  descended 
upon  them  from  rocks  which  entirely  covered  them  when  the 
stream  first  took  its  course.  The  ^'  valley  "  did  not  exist  at 
that  time.  The  general  level  of  the  country  was  much  higher, 
probably  higher  than  the  tops  of  most  of  the  existing  peaks. 
Into  such  a  surface  the  stream  commenced  to  cut  its  channel. 
At  a  certain  stage  of  its  work  it  found  itself  on  the  hard 
crystallines.  The  channel  was  cut,  much  more  rapidly  than 
the  valley  sides  were  degraded.  The  stream  could  not  change 
the  position  of  its  channel  where  it  encounted  the  crystallines 
so  there  was  nothing  to  be  done  but  patiently  to  saw  its  way 
down  into  the  hard  rocks. 

The  "  Shut-in  "  ( plate  ix )  on  Stout  creek  about  four  miles 
east  of  Ironton  is  one  of  the  best  examples  of  the  results  of 
this  process.  The  stream  took  its  present  eastward  course 
while  most  and  probably  all  of  the  porphyry  hills  were  buried 
beneath  limestone  beds.  The  porphyry  hill  through  which  it 
now  flows  at  the  ^^ shut-in"  was  completely  covered.  The 
stream  soon  encountered  the  hard  rock  and  was  able  so 
£eir  to  do  no  more  than  erode  a  narrow  gorge  through  it.  While 
this  was  being  done  the  wide  lowland  of  Arcadia  valley  ( plate 
X)  was  opened  out  on  the  soft  limestones.  All  the  material 
that  has  been  excavated  from  the  valley  has  been  carried 
through  the  narrow  gap  at  the  ^^  shut-in." 

The  ^^  Narrows,"  four  miles  southwest  of  Fredericktown  is 
another  example  (figure  15).  The  Little  St.  Francois  river 
gathers  the  drainage  from  the  limestone  region  north  of  the 
Fredericktown.  It  flows  through  a  rolling  limestone  region 
for  most  of  its  course  except  at  the  point  in  question  where  it 
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has  cntaoarrow  gorge  tbroagban  isolated  prophyij  hill  which 
Btaods  some  three  hoodred  feet  higher  than  the  general  level 
of  the  Paleozoic  rocks  sroand  it.  Its  hietor;  is  exactly  the 
same  as  that  or  Stoat  creek.  Its  oonrae  was  taken  vheo  the 
porphyry  bills  were  entirely  covered  by  the  Paleozoic  rocks. 
It  lay  across  the  top  of  the  bnried  elevation.    The  porphyries 
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arfl  highly  resiatant  and  do  not  weather  away  as  rapidly  as  the 
softer  rocks.  While  the  stream  sawed  its  narrow  notch  in  the 
hill  the  softer  rocks  were  worn  sway  to  a  lowland. 

There  are  other  examples  in  the  district  bnt  all  repeat  the 
history  of  the  two  jnst  given.  None  of  them  are  so  prominent 
as  the  ones  jnst  described.  The  St.  Francois  river  east  of  Iron 
Monntain,  jnat  west  of  Longbborongh  and  at  Silver  mines, 
Hagbea  creek  three  or  fonr  mites  sonthwest  of  Irondale,  Cedar 
creek  two  miles  Honiheast  of  Caledonia,  the  St.  Francois  river 
sonthwest  of  Knob  Lick,  in  fact  nearly  every  stream  in  the 
region  at  some  place  in  its  course  is  thrown  across  a  porphyry 
ridge.  The  courses  of  the  present  streams  show  a  total  dis- 
regard of  the  snrface  features  of  the  old  pre  Cambrian  land 
Borfaee. 
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VALLBTS  OF  THB  OZABK  BBGION. 

The  features  of  a  valley  area  fanction  of  the  size  of  stream, 
height  above  grade,  character  of  rock  and  the  time  daring 
which  the  stream  has  been  at  work.  A  shorter  and  more  com- 
prehensive statement  is  that  it  is  a  function  of  the  size  of 
the  stream  and  the  stage  of  the  cycle. 

The  valleys  of  the  Ozarks  exhibit  two  principal  phases  of 
development  which  are  designated  the  Trough  and  theOanyon 
phase.  In  most  of  the  large  streams  both  kinds  are  present. 
They  grade  into  each  other  without  sharp  lines  of  distinction. 
Each  phase,  however,  where  typically  developed  is  distinct 
from  the  other  in  all  Its  essential  features  and  is  due  to  a  dif- 
ferent mode  of  action. 

Some  of  the  tributaries  of  White  river  exhibit  the  canyon 
phase  only.  They  have  been  formed  by  headwater  growth 
from  the  main  stream  and  their  fall  has  always  been  great. 
They  are  short  and  flow  into  a  large  stream  whose  grade  is 
low.  The  other  streams  of  the  region  are  longer.  They 
selected  their  courses  on  the  slope  of  the  dome  at  the  time  of 
the  uplift.  A  small  portion  only,  of  their  length  is  due  to 
headwater  growth.  They  were  located  in  constructional 
troughs.  These  are  the  valleys  which  exhibit  the  phases 
referred  to  above. 

Trough  phase.  The  upper  parts  of  these  valleys  are  wide, 
open,  shallow  troughs.  The  low  hills  on  each  side  are  per- 
fectly rounded.  !No  ledges  of  rock  are  visible.  Chert  covers 
the  slopes  and  the  tops  of  the  hills  everywhere.  The  valley 
floor  is  a  plain  but  not  a  perfectly  flat  one.  It  slopes  slightly 
from  the  sides  inward  to  the  central  line  along  which  there  may 
or  may  not  be  a  shallow,  rocky  stream  bed.  They  lie  usually 
less  than  100  feet  below  the  upland  level  on  each  side.  No 
permanent  stream  follows  them.  It  is  only  during  the  heaviest 
rains  that  surface  waters  occupy  the  rocky  channel  in  them 
and  then  only  for  a  few  hours.  Protracted  wet  weather  unless 
the  rainfall  is  great  and  rapid  will  not  start  them.  It  is  only 
the  sudden  deluges  that  can  bring  the  water  to  the  surface. 
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Their  gradient  is  great,  however,  being  in  many  cases  more 
than  25  feet  to  the  mile.  When  they  are  suddenly  filled  with 
water  by  a  heavy  rain  they  have  the  velocity  and  destructive 
power  of  a  mountain  torrent.  One  example  of  their  destruc- 
tive effect  was  shown  at  Winona,  in  Shannon  county,  in  June, 
J 895.  The  village  lies  on  the  flat  floor  of  one  of  these  shallow 
valleys.  At  night-fall  on  the  evening  of  the  disaster  there  was 
not  a  stream  of  water  within  a  distance  of  several  miles.  The 
floor  of  the  valley  was  perfectly  free  from  visible  streams  and 
only  an  occassional  bar  of  angular  chert  fragments  and  an 
irregular  rocky  depression  two  or  three  feet  beneath  the  level 
of  the  floor  of  the  valley  showed  any  indication  that  there  ever 
had  been  any  flowing  water  in  it.  Daring  the  night,  however, 
the  region  around  the  head  of  the  valley  was  traversed  by  a 
''  waterspout."  In  a  short  time  the  town  was  almost  com- 
pletely wiped  out  of  existence.  Within  a  few  hours  after 
its  destructive  work  was  finished  the  stream  disappeared  and 
but  for  the  havoc  wrought  by  the  flood  the  valley  within  a  day 
or  two  would  have  resumed  its  usual  appearance.  Valleys  of 
this  character  are  numerous  on  the  southeastern  slope  of  the 
Ozarks.  They  exist  also  to  a  certain  extent  on  the  northern 
slope  but  are  not  so  characteristically  developed.  In  Howell, 
Shannon,  Oregon  and  Ripley  counties  they  contain  a  large 
part  of  the  tillable  soil.  The  term  valley  is  applied  to  them. 
Hutton  valley.  Peace  valley  and  Pleasant  valley  in  Howell 
county,  are  all  famous  for  their  productiveness.  A  view  of 
Hutton  valley  from  a  point  three  miles  southeast  of  Willow 
Springe,  is  shown  in  plate  viii,  in  which  the  observer  is  look- 
ing down  a  small  tributary  valley,  across  the  main  one  and  up 
another  small  tributary  on  the  opposite  side.  "  King  mountain," 
a  residual  hill,  standH  at  the  head  of  the  distant  tributary. 
These  are  all  valleys  of  solution  and  not  of  corrasion.  There 
was  originally  probably  a  constructional  depression  along  the 
line  of  the  present  valley.  A  stream  may  have  flowed  in  it 
during  the  early  part  of  the  cycle,  corrading  a  shallow  channel. 
The  limestones  carry  an  abundance  of  chert.  As  they  were 
dissolved  the   chert  was  left  on  the  surface.    As  the  chert 
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accamalated  it  clogged  the  valley  and  stopped  the  oorrasion. 
The  ouly  work  that  the  water  conld  then  do  was  to  dissolve 
the  limestone,  leaving  an  increasing  load  of  chert  to  prevent 
the  formation  of  surface  streams.  The  rainwater  was  qaickly 
absorbed  by  the  porous  cherty  soil,  bat  still  continued  to 
gather  along  the  line  of  the  valley,  so  that  it  was  the  line  of 
most  rapid  solution  and  hence  continued  to  be  a  lowland.  A 
small  amount  of  water  runs  over  the  surface  into  the  main 
valley  but  it  sinks  immediately  after  reaching  it.  The  clay  of 
the  valley  floor  is  the  deposit  from  these  small  rills.  It  is  not 
a  floodplain  deposit  in  any  sense.  It  has  been  carried  into  the 
valley  from  the  adjacent  hills  and  left  there  where  the  water 
sank.  The  chert  of  the  valley  floor  was  gradually  covered  by 
this  clay.  On  the  hills,  however,  the  chert  is  continually 
accumulating  on  the  surface.  The  water  carries  out  the  small 
particles  of  clay  and  leaves  the  chert.  This  relation  of  the 
soil  to  the  chert  fragments  is  well  known  to  the  farmers  of  the 
region.  The  soil  on  the  hills  is  beneath  the  chert-covered  sur- 
face while  that  of  the  valley  is  above  it. 

Canyons.  The  other  phase  exhibited  by  the  valleys  of  the 
larger  streams  of  the  Ozark  region  is  the  canyon  phase.  This 
prevails  where  there  are  perennial  streams  of  considerable  size. 
The  wide  open  parts  gradually  become  deeper  and  narrower 
downstream,  passing  by  insensible  gradations  into  canyons. 
The  latter  were  formed  in  two  ways.  They  are  partly  due  to 
ordinary  corrasion  by  surface  streams  and  partly  to  solution 
by  underground  streams.  In  the  latter  case  they  were  not  cut 
down  from  the  surface  but  were  excavated  from  beneath.    The 

first  stage  in  the  process  was  the  formation  of  a  cave  along 
which  the  subterranean  stream  flowed.  Gradually,  by  the 
falling  in  of  the  roof  the  cave  became  a  canyon.  The  process 
is  going  on  at  the  present  time  in  many  places.  Nason  *  has 
given  a  number  of  instances  in  which  part  of  the  roof  over  an 
underground  stream  has  fallen  in  leaving  the  bed  open  to  the 
surface  for  a  short  distance.  The  underground  stream  is  not 
opened  to  the  surface  along  its  whole  course  simultaneously. 

*  Missouri  Geol.  8ur.,  vol.  ii,  p.  91,  1892. 
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Orand  Oalf,  in  Oregon  ooanty,  IllnBtrates  the  first  stage  in  the 
process.  A  large  aDdergroand  stream  is  made  visible  for  a 
short  distance  by  the  falling  in  of  the  roof.  A  mach  later 
stage  is  illastrated  by  Sinking  creek,  in  Shannon  coanty,  the 
bed  of  which  is  open  to  the  sky  for  its  whole  coarse  except 
for  a  distance  of  perhaps  a  mile.  Nason  says  that  ^'a  few 
miles  from  where  it  empties  into  Jack  fork  it  runs  into  a  oul  de 
sac  formed  by  a  crescent  shaped  mountain  five  or  six  hundred 
feet  in  height.  Just  before  reaching  this  mountain  it  sinks 
from  sight  and  reappears  a  mile  away  on  the  other  side  in  the 
form  of  a  spring."  The  last  stage  in  the  process  exists  in 
natural  bridges,  numerous  examples  of  which  are  to  be  found 
in  southern  Missouri. 

The  principal  streams  of  the  region  in  their  lower  courses 
are  down  nearly  to  grade.  Some  of  them  have  developed 
floodplains  of  considerable  width.  The  depth  of  the  canyons 
is  therefore  a  function  of  the  height  of  the  upland  above  the 
£^ade  of  the  streams.  The  deepest  one  is  that  of  White  river 
in  Barry,  Stone  and  Taney  counties.  Its  depth  from  the  bottom 
of  the  canyon  to  the  top  of  the  upland  is  about  six  hundred 
feet.  Those  streams  which  flow  southeastward  into  the  Ter- 
tiary lowland  of  southeastern  Missouri  have  their  deepest 
gorges  several  miles  above  the  points  where  they  flow  out 
from  the  highlands.  The  upper  courses  are  wide,  open  troughs 
of  the  Button  valley  type.  Gradually  they  deepen  on  account 
of  the  increased  power  of  the  gathering  waters,  until  they  are 
down  to  the  grade  of  the  streams.  This  occurs  from  thirty  to 
sixty  miles  from  the  northern  limit  of  the  Tertiary  lowland. 
From  this  point  onward  the  slope  of  the  upland  is  more  rapid 
than  the  fall  of  the  streams.  The  upland  gradually  descends 
to  the  level  of  the  streams  and  by  the  time  the  southeastern 
border  of  the  highland  is  reached  the  valleys  are  once  more 
wide  open  troughs  with  low  rounded  hills  on  either  side.  The 
valleys  are  traversed  by  a  perennial  stream,  however,  and  their 
floors  are  true  floodplains. 

There  is  another  topographic  feature  in  the  Ozark  region 
which  is  locally  called  a  valley.    It  exists  along  the  crest  of  the 
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uplift  east  of  Big  Piney  river  and  on  the  sonthern  slope  every- 
where excepting  in  the  neighborhood  of  the  larger  streams. 
It  is  merely  a  small  solution  basin,  completely  surrounded 
by  a  rim  of  higher  land,  though  often  it  is  only  a  few  feet  above 
the  floor  of  the  valley.  The  material  eroded  in  their  formation 
has  gone  through  an  underground  channel,  the  entrance  to 
which  is  marked  by  a  sink,  in  some  part  of  the  valley  floor. 
These  valleys  are  generally  irregularly  circular  in  shape.  Small 
ravines  open  into  them  from  the  adjacent  hills  and  sometimes 
they  receive  the  drainage  from  several  square  miles  of  terri- 
tory. The  basins  are  often  not  more  than  150  acres  in  extent. 
They  are  important  factors,  however,  in  the  agriculture  of  the 
region.  In  some  large  districts  they  constitute  the  only  land 
free  enough  from  chert  to  be  tillable.  They  are  nearly  always 
cultivated.  They  constitute  the  greater  number  of  the  ^^  val- 
leys "  along  the  crest  of  the  uplift.  In  the  districts  where  they 
prevail  there  are  innumerable  sink  holes  with  smaller  drainage 
basins.  Over  large  areas  on  the  southern  slope  the  drainage 
is  entirely  effected  by  this  means.  They  are  made  to  serve  as 
storage  reservoirs  for  stock  water  by  the  farmers,  who  close 
up  the  subterranean  outlet  and  allow  them  to  till  with  surfiace 
water.  This  is  generally  done  by  making  a  feeding  ground  of 
one  of  them  for  a  year  or  two.  There  are  a  few  instances 
known  of  the  sudden  sinking  of  an  acre  or  so  of  land  during 
protracted  wet  weather.  One  instance  of  this  kind  occurred 
a  few  years  ago  in  the  southern  part  of  Howell  county. 

DBAINAaB  OF  PBAIBIE   BE6I0N. 

Courses  of  the  Streams,  The  coarses  of  the  streams  of 
the  Prairie  region  are  consequent  on  the  constructional  slope. 
Except  in  the  extreme  northern  part  of  the  state  the  direction 
is  practically  the  same  as  it  was  at  the  beginning  of  the  last  cycle. 
If  that  dates  backward  beyond  the  glacial  period  the  ice  proba- 
bly had  little  effect  in  changing  the  courses  of  the  streams. 
There  is  no  adjustment  whatever  to  structure.  The  lowland 
and  highland  belts  following  the  strike  of  the  rocks  have  a 
trend  northeastward  and  south  westward,  but  the  streams  flow 
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southeaBtward  directly  across  them.    In  do  case  is  a  stream 
deflected  for  even  a  short  distauce  along  a  lowland  belt. 

Valleys.  The  valleys  are  generally  deeper  than  the  But- 
ton valley  type  in  the  Ozark  region  and  more  shallow  than  the 
canyons.  The  greater  namber,  however,  even  of  the  small 
ones  are  occupied  all  or  most  of  the  year  by  flowing  streams. 
The  rocks  consist  of  shales,  sandstones  and  limestones,  the 
two  former  predominating.  Limestone  not  being  abundant, 
solution  plays  a  relatively  small  part  in  the  general  erosion. 
The  floor  of  the  valleys,  when  wider  than  channels  of  the 
streams,  are  true  floodplaios.  They  are  generally  broad  with 
gently  sloping  sides  except  where  the  streams  are  sapping  the 
bluffs.  The  watercourses  wind  through  the  floodplains  in  ex- 
tremely tortuous  channels,  but  rarely  have  systematic  mean- 
ders developed  with  the  characteristic  symmetry  of  the  lower 
Mississippi.  As  in  all  other  streams  flowiog  through  flood- 
plains  the  channels  are  continually  shifting.  On  account  of 
the  close,  argillaceous  character  of  the  material  the  changes 
are  much  less  rapid  than  in  sandy  floodplains.  Orescentic 
lakes  occur  scattered  only  at  wide  intervals  over  the  plain. 
More  often  the  abandoned  channels  are  narrow  linear  ponds  or 
swamps  rather  than  ox-bows.  The  floodplains  were  originally 
heavily  wooded,  especially  near  the  channels  of  the  streams, 
and  rafts  of  driftwood  occasionally  collected  in  sufficient  quan- 
tity to  divert  the  courses  of  the  waterways. 

The  width  of  the  floodplain  does  not  uniformly  decrease 
from  the  mouth  upward,  but  is  modified  by  the  character  of  the 
rocks.  As  a  stream  crosses  a  lowland  belt  the  floodplain 
widens  out,  and  the  bluffs  become  low  and  rounded.  In  case 
a  highland  belt  is  traversed  the  floodplain  is  narrow  and  the 
bluffs  are  high  and  steep.  This  relation  is  clearly  shown  in  the 
case  of  the  Missouri  river.  From  the  northwestern  corner  of 
the  state,  southward  to  Forest  City  the  river  flows  across  the 
soft  rocks  underlying  the  Marysville  lowland.  The  floodplain 
is  from  six  to  ten  miles  wide,  the  bluffs  are  rarely  more  than 
100  feet  high  and  the  sides  slope  gently.  Between  Forest  Oity 
and  the  western  part  of  Lafayette  county  the  river  cuts  through 
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the  limestones  sapportiDg  the  Lathrop  plain.  The  floodplain 
rapidly  contracts  to  three  or  four  miles  in  width  and  the  blaffs 
rise  to  about  300  feet  above  the  water  level.  From  Napoleon 
to  Olasgow  it  crosses  the  shales  of  the  Warrensbnrg  plain, 
and  its  floodplain  rapidly  widens  antil  in  the  western  part  of 
Carroll  county  it  is  nearly  ten  miles  in  width,  and  the  blaffs  are 
only  about  100  feet  high.  Below  Olasgow  the  river  flows 
across  the  resistent  limestones  lying  below  the  ooal  measures. 
This  part  of  the  floodplain  has  an  average  width  of  less  than 
three  miles,  and  in  some  places,  as  at  the  point  where  it  cuts 
across  the  Crystal  escarpment  in  St.  Charles  county,  it  con- 
.  tracts  to  about  two  miles.  The  bluffs  along  this  lower  portion 
are  everywhere  steep  and  rocky  and  average  about  350  feet  in 
height. 

BIYBB  MBANDBBS. 

Biver  meanders  in  Missouri  exhibit  two  phases :  The  Flood- 
plain  meanders  and  Upland  meanders.  In  the  former  the 
channel  of  the  river  meanders  in  a  wide  floodplain.  The  up- 
land does  not  extent  into  the  meander  belt  between  the  ex- 
tremes of  adjacent  but  oppositely  arranged  meanders.  The 
convex  curve  of  a  meander  may  lie  against  one  bluff,  but  in 
such  cases  the  bluff  is  being  cut  very  slightly  or  the  curve  of 
the  meander  is  destroyed.  In  the  other  case  the  gorge  of  the 
stream  meanders  through  the  upland.  There  is  no  floodplain 
whatever  and  the  upland  extends  into  the  meander  belt.  The 
former  are  developed  on  the  floodplains  of  the  larger  streams 
of  the  northern  part  of  the  state  and  of  the  Mississippi  river. 
The  latter  occur  on  most  of  the  larger  streams  of  the  Ozark 
region.  They  exist  in  streams  during  the  early  part  of  their 
history  only,  before  they  reach  grade. 

FLOODPLAIN  MKANDEK8. 

Conditions  of  Formation,  The  term  meander  is  applied 
both  to  those  intricate  windings  of  small  streams  in  wide  flood- 
plains,  and  also  to  those  symmetrical  curves  exhibited  in  great 
perfection  on  the  floodplains  of  the  lower  Mississippi.  They 
are  both  due  essentially  to  the  same  cause.    The  symmetry  is 
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a  fanctioD  of  the  strength  of  carreat  and  the  character  of  the 
material  in  which  the  meanders  are  developed.  The  strength 
of  the  current  in  a  graded  stream  is  a  function  of  the  volume 
of  water  and  the  character  of  material  carried.  If  the  material 
is  very  finely  comminuted  and  the  stream  completely  loaded, 
as  all  floodplaln  streams  are,  the  current  will  be  slow,  the 
deposit  in  the  floodplain  will  be  a  compact  cl*iy  and  relatively 
difficult  to  erode.  If,  however,  the  stream  has  much  less  than 
a  complete  load  of  fine  material  and  uses  coarse  material  such 
as  sand,  to  fill  out,  the  velocity  of  the  current  will  not  be  re- 
duced to  so  low  a  point  as  in  the  other  case^  The  floodplain 
deposits  will  be  more  sandy,  and  therefore,  more  easily  eroded. 
Shifting  of  the  channel  is  greatly  aided  by  such  circumstances. 
The  principal  factor  in  the  character  of  the  floodplain  material 
is  its  uniformity.  With  a  given  velocity  of  current  and  a  given 
solidity  or  compactness,  meanders  will  be  developed  symme- 
trically if  the  character  of  material  eroded  is  uniform  If  the 
velocity  is  slow  the  current  is  much  more  liable  to  be  deflected 
by  trees,  drift-wood  and  other  accidental  obstructions,  espe- 
cially when  the  stream  is  small  and  has  a  narrow  channel.  In 
Missouri  the  smaller  watercourses  rarely  ha^e  symn^etrical 
meanders,  because  they  drain  shaly  territory  and  have  their 
velocities  reduced  to  a  low  point  by  the  load  of  fine  material. 
They  are  also  obstructed  and  their  symmetry  destroyed  by 
driftwood. 

Process  of  Formation,  Symmetrically  meandering  rivers 
do  not  meander  at  any  one  time  through  the  whole  length  of 
their  floodplain  in  fully  developed  meanders.  It  is  rather  by 
series,  started  at  various  places  along  the  course  by  local 
causes.  The  conditions  at  any  particular  time  are  the  result 
of  the  mutual  relations  of  these  several  series  and  of  the 
natural  limits  of  developioent.  In  general,  a  series  progresses 
down  stream  from  place  of  formation  until  it  comes  into  con- 
flict with  a  lower  series.  Since  one  of  the  conditions  of  sym- 
metrical meandering  is  a  floodplain  the  existence  of  this  factor 
is  assumed.    A  meander  series  is  initiated  by  some  obstruction 

♦Gilbert:    Geol.  Henry  Mts..  p.  102. 1880. 
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which  causes  a  detleotion  of  the  carrent  against  one  of  the 
banks.  This  causes  excavation  of  this  bank  and  deposition  on 
the  other.  The  current  rebounds  against  the  opposite  one 
lower  down.  The  deflecting  object  furnishes  no  energy,  but 
merely  directs  the  energy  of  the  current.  If  the  bank  against 
which  the  current  is  deflected  be  of  the  same  character  as  the 
deflecting  object  it  will  dt-flcct  the  energy  of  the  current 
against  the  opposite  bank  to  the  same  degree.  Otherwise  the 
current  will  gradually  fall  back  to  the  regular  course  of  the 
stream.  The  banks  are  excavated  to  flt  the  new  course  of 
the  currents.  If  the  material  is  uniform  the  symmetrical  swing 
of  the  current  will  be  the  controlling  factor,  and  the  meanders 
will  be  symmetrical.  The  process  is  carried  on  by  a  continual 
building  on  the  concave  side  and  excavation  on  the  convex 
side  of  the  stream. 

Beaults.  The  final  outcome  is  a  lengthening  of  the  stream. 
The  amount  of  increase  in  length  depends  upon  the  number 
and  length  of  the  meanders.  Increase  in  length  gives  a  lower 
gradient  and  consequently  a  decrease  in  velocity.  The  stream 
being  completely  loaded  before  the  meandering  commenced  is 
under  the  necessity  of  aggrading  its  channel  in  order  to  have 
sufiQcient  slope  with  which  to  do  its  work.  Since  the  amount 
of  aggradation  is  a  function  of  the  amount  of  meandering  it  is 
evident  that  the  limit  of  the  former  is  the  limit  of  the  latter. 
This  limit  is  the  point  at  which  a  cut-off  is  made.  The  length 
of  an  ox-bow  will  increase  as  long  as  the  river  follows  it  if  it 
is  able  to  undermine  the  bank  on  the  convex  side  of  the  river. 
The  current,  however,  is  kept  at  the  same  velocity  by  dropping 
part  of  the  load  on  the  upper  side  of  the  ox-bow.  The  extra 
length  is  compensated  by  aggrading  the  channel.  It  is  evident, 
therefore,  that  the  only  way  to  stop  the  lengthening  of  the 
ox-bow  is  to  divert  the  stream  from  it.  This  is  effected  by  the 
formation  of  cut-offs  in  which  the  river  takes  a  channel  across 
the  narrow  neck  of  land  between  two  adjacent  ox-bows  during 
a  freshet  or  gradually  cuts  the  neck  in  the  process  of  ox-bow 
lengthening.  An  examination  of  cut-offs  that  have  been  made 
on  the  lower  Mississippi  indicates  that  the  former  method  is 
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the  most  frequent.  By  the  gradual  lengthening  of  the  ox-bow 
and  the  conseqaent  aggrading  of  the  upper  Bide,  the  difference 
of  level  of  the  water  on  opposite  sides  of  the  narrow  neck 
separating  two  adjacent  bows  becomes  considerable.  The 
gradient  is  sufficient  for  a  small  ravine  to  be  cut  backward 
from  the  lower  side,  making  a  slight  rent  in  the  narrow  piece 
of  land.  When  the  river  becomes  swollen  to  overflowing,  part 
of  it  strikes  across  the  neck  through  the  ravine.  The  gradi- 
ent is  BO  steep  and  the  material  so  soft  that  soon  the  whole 
river  is  diverted  into  the  new  channel  and  the  oxbow  is 
left  as  a  lake.  The  limit  to  the  width  of  the  meander  belt  is 
the  formation  of  cut-offs.  An  examination  of  the  belts  on  a 
few  of  the  large  streams  of  the  world,  principally  the  Missis- 
sippi and  the  Bhine,  indicates  that  for  each  river  there  is  an 
average  width  reached  before  a  cut-off  is  made.  There  are 
exceptional  cases  in  which  meanders  are  cut  off  early  and 
others  in  which  they  grow  to  great  length.  One  of  the  best 
examples  of  the  latter  is  the  New  Madrid  bend  of  the  Missis- 
sippi. The  average  width  of  the  Mississippi  meander  belt  is 
about  six  miles.  The  formation  of  a  cut-off  at  the  New  Mad- 
rid is  displayed  by  the  height  of  the  neck  of  land.  It  is  sev- 
eral feet  higher  than  the  average  of  the  floodplain  in  the 
vicinity.  Although  the  bend  is  of  greater  length  than  the 
average,  yet  the  lengthening  has  rapidly  advanced  and  con- 
tinues to  advance.  It  is  being  hindered  now  by  artificial 
means  intended  to  prevent  the  destruction  of  property.  The 
town  of  New  Madrid  has  been  gradually  driven  northward. 
The  whole  life  of  the  place  has  been  one  continual  struggle 
with  the  river,  the  latter  generally  being  the  conqueror. 

Although  the  variables  concerned  in  the  determination  of 
the  width  of  the  meander  belt  are  not  differentiated  and  their 
formulation  has  never  been  effected,  yet  the  general  statement 
can  be  made  that  given  a  stream  of  certain  size  and  velocity 
the  meanders  will  have  a  general  uniform  length.  Few  will  be 
shorter,  and  few  will  be  longer,  but  these  will  be  due  to  local 
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circametances.  The  chief  factor  lies  in  the  volame  of  the 
stream  and  the  velocity,  the  latter  depending  upon  the  com- 
minntion  of  the  load. 

UPLAND    MKANI)RR8. 

This  designation  is  applied  to  those  cases  in  which  not 
only  the  channel  bat  the  whole  valley  meanders.  In  Missouri 
the  phenomena  are  confined  to  the  larger  streams  of  the  Ozark 
region.  The  highest  development  is  on  the  White,  Osage, 
Oasconade,  Grand,  Meramec,  Bourbense,  Big.  James,  Niangna, 
Pontme  de  Terre  and  Sac  rivers.  It  is  presented  in  the  Ap- 
palachian region,  particularly  in  the  Oreat  valley  and  the  Al- 
leghany plateau ;  and  also  in  the  driftless  area  of  Wisconsin. 
In  Europe  the  most  striking  examples  are  those  of  the  Seine, 
Moselle,  I'Onrthe,  in  fact  all  the  streams  of  the  region  of 
PArdenne  and  in  many  of  the  rivers  of  the  Russian  plain.  The 
Seine  probably  has  the  most  symmetrically  developed  mean- 
ders of  this  type  in  existence.  In  Missouri  the  most  symmetri- 
cal are  those  of  Orand  river  in  Henry  and  Benton  counties. 

Origin.  Two  hypotheses  have  been  advanced  to  explain 
the  existence  of  these  meanders.  They  may  be  designated  as 
that  of  Inheritance  *  and  that  of  development  f  from  an  origi- 
nally irregular  course. 

The  first  supposes  them  to  be  inherited  from  a  former 
floodplain-meandering  of  the  stream  at  a  time  when  the  land 
stood  lower  than  it  is  now ;  that  upon  uprising  of  the  land  the 
rivers  were  given  greater  slope  and  commenced  to  cut  their 
channels  down  to  a  new  grade,  and  that  the  streams  sank  into 
the  uplifted  country  by  corrading  their  channels,  engraving  the 
surface  with  the  etched  outlines  of  their  old  floodplain  mean- 
ders. This  view  takes  into  consideration,  also,  the  fact  that 
the  width  of  the  meander  belt  has  been  increased  in  the  work 
of  cutting  down  to  a  new  grade.  According  to  the  other  hy- 
pothesis the  present  meandering  course  is  due  to  the  growth 

♦Davis:    Scleoce.  vol.  xxii.  pp.  276-279,  1S9S. 
+Wlnslow:    Ibid.,  vol.  xxiii  pp.  31-32.  1893. 
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of  the  meanders,  since  the  beginning  of  the  present  period  of 
activity  of  the  stream,  from  an  originally  irregular  consequent 
course.  The  development  is  supposed  to  have  progressed 
in  essentially  the  same  way  as  in  the  case  of  a  floodplain 
meander. 

It  is  easily  conceivable  that,  if  by  any  means  the  current 
of  a  stream  could  be  deflected  agdnst  one  bank  for  a  sufficient 
length  of  time  to  allow  it  to  cut  a  channel  to  fit  the  new 
direction,  further  progress  in  the  development  would  be  cer- 
tain; or,  if  a  stream  had  originally  an  irregular  course  such  as 
would  be  taken  across  a  gently  undulating  country  where  the 
drainage  of  a  region  had  taken  a  new  direction  as  a  result  of 
the  tilting  of  the  land  it  is  conceivable  that  meanders  would 
be  developed.  Some  of  the  conditions  which  were  found  to 
prevail  in  the  case  of  floodplain  meanders  would  be  effective 
here  also.  It  was  pointed  out  above  that  the.  uniformity  of 
material  with  a  given  size  and  velocity  of  streams  was  one  of 
the  conditions  necessary  for  the  formation  of  symmetrical 
floodplain  meanders.  It  is  evident  that  the  same  condition  is 
equally  effective  in  the  formation  of  symmetrical  upland  mean- 
ders. If  the  rocks  are  not  of  uniform  resistance  the  stream 
may  develop  an  exceedingly  crooked  course,  but  it  will  not  be 
a  symmetrically  meandering  one.  It  is  evident  also  that  the 
other  hypothesis  concerns  a  possible  mode  of  formation  of 
these  features.  Granting  that  both  the  hypotheses  concern 
processes  which  may  produce  similar  results  it  is  necessary  to 
develope  the  scheme  of  each  process  and  determine  the  cri- 
teria for  distinguishing  in  any  particular  case,  which,  if  either, 
of  these  processes  was  really  the  one  in  action. 

Assuming  a  slightly  irregular  constructional  course  or  a 
deflection  of  the  current  of  the  young  stream  by  some  obstruc- 
tion against  one  bank,  it  is  readily  seen  that  erosive  action  will 
tend  to  increase  the  amount  of  undulation.  As  in  the  case  of 
the  floodplain  meander  the  ox-bows  will  be  lengthened.  But 
at  the  same  time  the  stream  will  deepen  its  channel.  The  neck 
of  land  between  two  adjacent  meanders  does  not  lie  uniformly 
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level  like  the  liomologoas  fefttare  of  floodplain  mesndera, 

(flgare   16),    bat    alopes    jfradaally    dovDward    from    the 

level  of  the  apland  on 


which  it  started  or  l^om 
the  level  at  which  the 
meandetiog  commenced, 
to  the  level  of  the  stream, 
if  the  latter  is  still  above 
grade.  There  is  a  hori- 
zontal component,  as  well 
as  vertical  one,  in  the  AU 
rection  of  the  corroding 
aolion  of  the  stream.  At 
flrsl,  or  when  the  mean- 
dering  commences,  and 
for  some  time  afterward 
the  vertical  oompouent  js 
the  greater.  Qradnally, 
however,  the  power  to 
corrade  the  ohannel  de- 
creases because  of  the 
approach  to  grade  and 
rigura  ifl     Bend  In  Sac  River  In  Polk  County,    (he  CODSeqaent  redaction 

of  velocity  dae  to  decrease,  as  well  in  total  fall  and  in  the  rate 
of  fall  dne  to  the  lengthening  of  the  meanders,  the  latter  bring- 
ing the  grade  higher  ap  by  lengthening  the  stream.  Snch 
streams  approach  the  grade  from  above  downward  and  the 
grade  approaches  the  etreams  from  below  upward.  The  grad- 
oal  leogthening  of  the  meander,  however,  canses  a  greater  pro- 
portion of  the  energy  of  the  horizontal  carrent  to  be  utilized 
in  the  lateral  catting,  and  therefore  an  increase  in  the  rate  of 
meander  development,  Tbis  is  limited  by  the  approach  of 
the  stream  to  grade.  When  grade  is  reached  the  farther 
lengthening  of  the  meanders  as  nplaod  meanders  ceases.  The 
current  may  be  diverted  in  any  direction  causing  the  develop- 
ment of  floodplain  meanders. 
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In  addition  to  the  gradual  lengthening  of  the  meanders 
there  is  a  slow  movement  of  the  whole  system  down  stream. 
The  amount  of  downstream  movement  of  the  lower  side  of  any 
ox-bow  is  a  function  of  the  sharpness  of  the  carve  of  the 
meander.  If  the  ox-bow  is  long  and  narrow  the  stream  gathers 
energy  on  the  upper  straight  part  of  the  bow  and  expends  it 
almost  entirely  on  the  cliff  at  the  sharp  turn  which  it  strikes 
nearly  perpendicularly.  Most  of  the  energy  is  consumed  in 
work  done  there  and  in  the  friction  caused  by  the  commotion. 
The  current  then  flows  down  the  lower  side  without  any  of 
the  accumulated  energy  of  the  upper.  It  is  not  reflected  by  a 
smooth  curve  and  is  made  to  expend  its  energy  over  a  long 
stretch  of  the  meander.  The  cliff  on  the  lower  side  of  the  ox  bow 
in  this  case  is  not  driven  down  stream.  It  is  necessary  at  the 
start  to  have  a  sharper  curve  here  or  to  have  the  cutting  pro- 
gress more  rapidly  at  the  end  of  the  meander  than  elsewhere 
in  order  to  attain  these  results.  If  the  ox-bow  is  broader  and 
the  carve  gradail  the  energy  accumulated  by  the  stream 
on  the  straight  part  of  the  meander  is  distributed  over  a  much 
greater  distance.  The  energy  of  the  current  is  partly  reflected 
and  partly  consumed  in  doing  work  in  eroding  the  cliff.  The 
smaller  angle  with  which  it  successively  impinges  against  the 
cliff  allows  a  portion  of  the  energy  of  the  current  to  be  ex- 
pended on  the  downstream  side  of  the  shank  of  the  oxbow, 
thus  causing  a  lateral  downstream  movement  of  the  whole 
system.  The  relation  of  width  of  meander  to  length  is  shown 
in  a  great  number  of  cases  in  the  rivers  of  southern  Missouri. 
The  whole  of  the  energy  of  the  horizontal  component  of  the 
current  is  expended  in  lengthening  the  narrow  meanders  while 
it  is  used  to  move  the  whole  system  downstream,  where  the 
meanders  are  broad.  The  cliffs  on  the  convex  sides  of  the 
streams  and  on  the  downstream  sides  of  all  the  shanks  of  the 
ox- bows  are  kept  vertical  on  account  of  the  sapping  action  of 
the  watercourse.  The  width  of  the  neck  of  land  extending 
into  an  ox-bow  has,  therefore,  an  inverse  ratio  to  the  length  of 
the  bow. 
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**A8  the  stream  gradually  cats  downward  and  at  the  same 

.^   {ime  lengthens  its  meanders  sand  and  gravel  bars  are  left  at 

^  •''/•V'^arlons  places  along  the  slope.    They  occur,  however,  only  on 

.1;*V    the  slopes  within  an  ox-bow,  and  never  on  the  sides  of  the 

valley  on  the  convex  sides  of  the  meanders.    They  are  left  as 

the  stream  cuts  downward,  and  may  be  found  at  all  elevations 

from  the  level  at  which  meandering  began  down  to  the  bars 

formed  by  the  last  freshet.    They  soon  become  scattered,  but 

their  former  presence  is  revealed  by  the  gravel  scattered 

irregularly  over  the  slope. 

Limits  of  Orotcth.  In  the  case  of  the  floodplain  meanders 
the  limit  of  growth  was  found  to  be  the  formation  of  cut-offs. 
If  not  for  this  the  stream  might,  by  continually  increasing  the 
slope  by  deposition,  increase  the  length  of  the  meanders  indef- 
initely. The  same  factor  is  one  limit  to  the  growth  of  upland 
meanders  also.  They  may  by  growth  cut  the  neck  of  land 
between  two  adjacent  meanders,  and  thus  stop  further  length- 
ening by  the  diversion  of  the  stream.  Bat,  there  is  also 
another  limit.  Upland  meanders  can  not  grow  beyond  a  cer- 
tain length,  even  if  they  are  not  stopped  by  cut-offs,  for  they 
are  limited  by  the  grade  of  the  stream.  Supposing  that  they 
were  not  stopped  by  cut-offs  then  the  average  width  of  any 
upland  meander-belt  is  a  function  of  the  elevation  of  the  stream 
above  grade  at  the  time  when  meandering  was  commenced. 
Whether  cut-offs  occur  or  not  depends  upon  the  origin  of  the 
meandering.  If  it  started  by  an  irregular  swing  of  large  radius 
there  would  probably  be  no  cut-offs.  If,  however,  it  was 
started  by  a  deflection  of  the  current  by  some  obstruction 
(supposing  that  were  possible)  cut-offs  would  probably  be 
formed  early  in  life. 

Lines  of  Orotcth.  If  in  a  map  of  an  upland  meander  belt 
a  line  be  drawn  along  the  surface  of  the  water,  and  above  that 
lines  be  drawn  at  certain  intervals  in  the  manner  of  contours 
excepting  that  they  approach  one  another  toward  the  head  of 
the  stream,  the  ratio  of  approach  corresponding  to  the  decreas- 
ing rate  of  channel  corrosion,  they  will  represent  the  position 
of  the  stream  at  successive  stages  of  its  development.    They 


INHBBITBD   FBATUBBB.  103 

may  therefore  be  coneidered  lines  of  growth  in  the  same  way 
that  the  lines  of  growth  on  a  shell  indicate  the  shape  of  the 
shell  at  various  periods  of  the  life  of  the  animal  inhabiting  it. 
These  lines  on  any  one  meander  will  correspond  so  nearly  to 
the  contour  lines  that  the  latter  may  be  used  on  such  without 
appreciable  error.  By  means  of  the  these,  the  development 
of  the  meanders  may  be  traced  backward  for  some  distance  at 
least.  On  account  of  the  modification  of  the  slope  by  weath- 
ering, the  accuracy  in  the  determination  decreases  with  the 
approach  toward  the  early  stages  in  growth,  and  the  earliest 
may  not  be  determinable.  This  applies  to  the  contour  lines  on 
the  slopes  of  the  neck  between  meanders  and  not  on  the  cliffs, 
wherever  they  may  occur. 

Inherited  Meanders,  If  a  stream  should  incise  a  series  of 
fioodplain  meanders  into  an  upland  without  changing  the  form 
or  size  of  the  meanders  it  is  evident  that  the  slopes  on  the  two 
sides  of  the  valley  should  be  equal.  It  is  true  that  where  the 
meanders  were  near  together  the  tongue  of  land  between  two 
adjacent  ones  would  soon  be  degraded  lower  than  the  adjacent 
uplands,  but  both  sides  would  slope  to  the  stream  at  the  same 
angle.  The  upland  would  extend  into  the  neck  between  two 
adjacent  meanders  without  any  reduction  in  altitude.  This 
would  be  especially  true  of  the  broad  ones  in  which  weather- 
ing from  the  adjacent  meanders  had  not  effected  the  original 
elevation.  When  the  neck  of  land  between  contiguous  mean- 
ders is  narrow  but  widens  inward  in  spoon  shape,  the  form 
should  correspond,  it  being  lower  at  the  neck  than  elsewhere. 
The  formation  of  such  an  upland  meander  in  this  manner  is 
improbable  if  not  impossible.  It  is  certain  that  there  would 
be  an  increase  in  length  of  the  meander  just  as  in  the  case  of 
those  formed  altogether  by  growth.  There  would  be  the  same 
forces  tending  to  increase  the  length  as  in  the  other  case.  In 
this  instance  the  growth  of  the  meanders  would  commence 
with  the  beginning  of  the  renewed  life  of  the  stream.  The 
subsequent  history  would  be  the  same  as  that  of  the  devel- 
oped meanders.  The  essential  difference  between  the  two 
would  be  in  the  starting  point.    In  the  case  of  inherited  mean- 
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ders  the  necks  of  upland  shoald  extend  far  into  the  ox-bows. 
The  earliest  stage  determined  by  the  lines  of  growth  would 
still  show  a  strongly  meandering  course.  The  features  in  both 
cases  developed  after  the  growth  commenced  would  be  the 
same.  The  only  means  of  distinguishing  in  any  particular 
instance,  which  process  was  the  one  concerned  is  to  trace  the 
stream  back  to  its  earlier  stages  by  means  of  the  lines  of 
growth. 

Meanders  due  to  Special  Causes.  Another  possible  method 
of  meander  development  and  one  which  seems  to  be  effective 
in  several  places  in  Missouri  is  by  the  deflection  of  a  stream 
up  the  valley  of  a  tributary.  The  current  of  the  main  water- 
course becomes  deflected  against  the  bank  at  the  point  at 
which  a  tributary  enters.  The  valley  of  the  latter  allows  the 
action  of  the  current  to  have  a  greater  effect  than  elsewhere 
because  of  the  lesser  amount  of  corrasion.  The  large  stream, 
therefore,  gradually  grows  into  a  lonp  which  extends  up  the 
valley  of  the  tributary  with  the  convex  side  upward.  Such  a 
development  can  take  place  only  when  the  larger  waterway  is 
able  to  do  more  than  remove  the  material  brought  in  by  the 
tributary.  The  activity  of  the  main  stream  must  be  greater 
than  that  of  the  tributary.  It  can  be  readily  seen  that  the 
relative  sizes  of  the  streams  is  not  so  important  a  factor  as  is 
the  relative  load  which  each  carries.  A  small  tributary  may 
be  able  to  deflect  its  master  stream,  if  the  latter  is  already 
fully  loaded  or  has  a  lower  grade.  There  are  two  methods  of 
formation.  One  is  that  described  above  in  which  a  stream  in- 
vades the  territory  of  a  tributary  by  growing  up  its  valley ;  the 
other  occurs  when  a  heavily  loaded  stream  dumps  more  ma- 
terial into  its  main  stream  than  the  latter  is  able  to  carry  away 
immediately.  The  latter  is  therefore  driven  away  from  the 
tributary.  In  the  first  case  the  main  stream  is  not  only  able  to 
carry  all  the  material  dumped  into  it  but  it  is  also  able  to  in- 
vade the  territory  of  the  tributary.  In  the  latter  case  the 
tributary  proves  to  be  the  immediate  conqueror.  The  main 
stream  is  gradually  pushed  away  from  the  side  on  which  the 
tributary  enters. 


INHBBITBD   FBATUBBS.  103 

may  therefore  be  considered  lines  of  growth  in  the  same  way 
that  the  lines  of  growth  on  a  shell  indicate  the  shape  of  the 
shell  at  various  periods  of  the  life  of  the  animal  inhabiting  it. 
These  lines  on  any  one  meander  will  correspond  so  nearly  to 
the  contour  lines  that  the  latter  may  be  used  on  such  without 
appreciable  error.  By  means  of  the  these,  the  development 
of  the  meanders  may  be  traced  backward  for  some  distance  at 
least.  On  account  of  the  modification  of  the  slope  by  weath- 
ering, the  accuracy  in  the  determination  decreases  with  the 
approach  toward  the  early  stages  in  growth,  and  the  earliest 
may  not  be  determinable.  This  applies  to  the  contour  lines  on 
the  slopes  of  the  neck  between  meanders  and  not  on  the  clifiPs, 
wherever  they  may  occur. 

Inherited  Meanders.  If  a  stream  should  incise  a  series  of 
fioodplain  meanders  into  an  upland  without  changing  the  form 
or  size  of  the  meanders  it  is  evident  that  the  slopes  on  the  two 
sides  of  the  valley  should  be  equal.  It  is  true  that  where  the 
meanders  were  near  together  the  tongue  of  land  between  two 
adjacent  ones  would  soon  be  degraded  lower  than  the  adjacent 
uplands,  but  both  sides  would  slope  to  the  stream  at  the  same 
angle.  The  upland  would  extend  into  the  neck  between  two 
adjacent  meanders  without  any  reduction  in  altitude.  This 
would  be  especially  true  of  the  broad  ones  in  which  weather- 
ing from  the  adjacent  meanders  had  not  effected  the  original 
elevation.  When  the  neck  of  land  between  contiguous  mean- 
ders is  narrow  but  widens  inward  in  spoon  shape,  the  form 
should  correspond,  it  being  lower  at  the  neck  than  elsewhere. 
The  formation  of  such  an  upland  meander  in  this  manner  is 
improbable  if  not  impossible.  It  is  certain  that  there  would 
be  an  increase  in  length  of  the  meander  just  as  in  the  case  of 
those  formed  altogether  by  growth.  There  would  be  the  same 
forces  tending  to  increase  the  length  as  in  the  other  case.  In 
this  instance  the  growth  of  the  meanders  would  commence 
with  the  beginning  of  the  renewed  life  of  the  stream.  The 
subsequent  history  would  be  the  same  as  that  of  the  devel- 
oped meanders.  The  essential  difference  between  the  two 
would  be  in  the  starting  point.    In  the  case  of  inherited  mean- 
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ders  the  necks  of  apland  shoald  extend  far  into  the  ox-bowe. 
The  earliest  stage  determined  by  the  lines  of  growth  would 
still  show  a  strongly  meandering  coarse.  The  features  in  both 
cases  developed  after  the  growth  commenced  woald  be  the 
same.  The  only  means  of  distingaishing  in  any  particular 
instance,  which  process  was  the  one  concerned  is  to  trace  the 
stream  back  to  its  earlier  stages  by  means  of  the  lines  of 
growth. 

Meanders  due  to  Special  Causes.  Another  possible  method 
of  meander  development  and  one  which  seems  to  be  effective 
in  several  places  in  Missouri  is  by  the  deflection  of  a  stream 
up  the  valley  of  a  tributary.  The  current  of  the  main  water- 
course becomes  deflected  against  the  bank  at  the  point  at 
which  a  tributary  enters.  The  valley  of  the  latter  allows  the 
action  of  the  current  to  have  a  greater  effect  than  elsewhere 
because  of  the  lesser  amount  of  corrasion.  The  large  stream, 
therefore,  gradually  grows  into  a  lonp  which  extends  up  the 
valley  of  the  tributary  with  the  convex  side  upward.  Such  a 
development  can  take  place  only  when  the  larger  waterway  is 
able  to  do  more  than  remove  the  material  brought  in  by  the 
tributary.  The  activity  of  the  main  stream  must  be  greater 
than  that  of  the  tributary.  It  can  be  readily  seen  that  the 
relative  sizes  of  the  streams  is  not  so  important  a  factor  as  is 
the  relative  load  which  each  carries.  A  small  tributary  may 
be  able  to  deflect  its  master  stream,  if  the  latter  is  already 
fully  loaded  or  has  a  lower  grade.  There  are  two  methods  of 
formation.  One  is  that  described  above  in  which  a  stream  in- 
vades the  territory  of  a  tributary  by  growing  up  its  valley ;  the 
other  occurs  when  a  heavily  loaded  stream  dumps  more  ma- 
terial into  its  main  stream  than  the  latter  is  able  to  carry  away 
immediately.  The  latter  is  therefore  driven  away  from  the 
tributary.  In  the  first  case  the  main  stream  is  not  only  able  to 
carry  all  the  material  dumped  into  it  but  it  is  also  able  to  in- 
vade the  territory  of  the  tributary.  In  the  latter  case  the 
tributary  proves  to  be  the  immediate  conqueror.  The  main 
stream  is  gradually  pushed  away  from  the  side  on  which  the 
tributary  enters. 


DBYELOPBD  MBANDEB8.  105 

Conclusions.  At  the  present  stage  in  the  consideration  of 
the  rivers  with  meandering  valleys  that  exist  in  Missouri  the 
evidence  seems  to  point  to  all  three  of  the  modes  of  origin 
that  have  jast  been  outlined.  There  are  some  cases  in  which 
development  from  an  original  course  that  was  entirely  too 
straight  for  floodplain  meandering  appears  evident.  There  are 
other  cases  in  which  the  earliest  stages  of  the  stream,  deter- 
mined by  means  of  its  lines  of  growth,  were  very  crooked,  to 
say  the  least.  Whether  this  was  due  to  floodplain  meandering 
or  to  other  causes  remains  yet  to  be  determined.  There  are  a 
few  cases  in  which  a  single  sharp  bend  of  a  river  can  be  shown 
to  be  due  to  the  last  process  outlined.  There  is  only  one  good 
example  so  far  found  in  which  a  stream  has  been  deflected 
from  the  mouth  of  an  incoming  tributary  which  carries  a  heavy 
bed.  The  channel  of  the  Mississippi  has  been  deflected  against 
the  Illinois  blutf  opposite  the  mouth  of  the  Missouri.  The  de- 
flection is  so  marked  and  so  sharp  that  there  can  be  but  little 
doubt  that  the  cause  of  it  is  the  enormous  load  of  detritus  that 
the  latter  stream  is  continually  dumping  into  the  former. 

Among  the  streams  whose  meandering  valleys  seem  to  be 
due  to  development  wholly,  Grand  river  in  Henry  and  Benton 
counties  and  Flat  creek  in  Stone  and  Barry,  are  the  most  con- 
spicuous and  best  known  examples.  The  latter  is  represented 
in  the  accompanying  cut  (figure  17),  A  topographic  map  of 
the  former  stream  through  Henry  county  is  reproduced  in  the 
annexed  cut  ( figure  18 )  and  also  on  plate  xi,  flgure  2.  Con- 
sidering the  contours  as  lines  of  growth  and  considering  the 
upland  level  as  the  surface  on  which  the  stream  began  its 
career  the  initial  course  need  not  have  been  very  crooked. 
The  only  error  in  this  treatment  of  the  matter  lies  in  the 
assumption  that  most  of  the  slope  on  the  point  of  land  extend- 
ing into  a  bend  is  the  result  of  the  river's  action  and  in  not 
allowing  enough  for  weathering.  The  position  here  taken  is 
that  within  the  short  time  in  which  the  river  has  been  at  work 
the  amount  of  weathering  on  limestone  would  be  very  small. 
The  allowance  made  for  that  seems  to  be  sufficient.  This 
statement  is  based  upon  the  assumption   that  the  present 
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aplaod  is  the  initial  snr- 
faoe  OD  wbich  the  stream 
started.  The  evidenoe, 
however,  poiots  to  a 
higher  Borface  as  the  in- 
ilial  one.  The  general 
Qplaad  along  that  part  of 
the  etream  which  meaod- 
ers  to  the  greatest  extent 
elopes  geatly  westward 
with  the  dip  of  the  rooks. 
It  is  a  atraotnral  Bnrface 
and  has  been  brought 
dowD  from  an  origioally 
higher  surface  on  which 
the  drainage  started. 
The  initial  higher  enrface 
mast  have  had  an  east- 
ward elope.  The  redac- 
tion to  the  present  apland 
sarfaoe  has  been  accom- 
plished, for  most  if  not  all 
the  area  in  the  vicinity, 
daring  the  progress  of 
theextstiDgc;cle.  If  the 
meanders  are  inherited 
thefloodplain  from  which 
they  come  moat  have 
been  above  the  preseni 
slractaral  plain  apland. 
Immediately  apon  the 
aplift  reviving  the  stream 
it  mast  have  commenced 
to  lengthen  its  meanders 
in  accordance  with  the 
nntversal  habit  of  sach 
streams.    By  the  time  the 
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lerel  of  the  present  apland  was  reached  the  orig:inal  floodplain 
meanders  should  have  been  aocentaated.  This  woald  neces- 
Hitate  a  mnch  f;reater  amonnt  in  order  to  refer  the  meaDdera 
to  a  floodplaiD  oriKin-  If  it  be  trne  that  the  amoant  of 
weatbering  dariDg  the  gorge-oattlng  of  the  stream  has  been 
inconsiderable  the  facts  point  to  the  coooJasion  that  the  mean- 
dering habit  was  adopted  by  the  stream  after  it  had  reached 
the  upper  anrface  of  the  lower  Oarboniferona  limestones  and 
bad  not  existed  nor  bad  begun  development  during  the  earlier 
work  of  the  stream.    This  conclusion  is  suggested  by  another 


Figure 

fact  An  examination  of  the  out  shows  that  Ibe  greatest 
amount  of  meandering  occurs  at  the  eastern  side  of  the  area 
and  that  westward  it  decreases  to  almost  nothing  at  the  west- 
ern end  of  the  sketch.  The  stream  bas  cat  through  about  160 
feet  of  lower  Carboniferous  rocks  at  the  eastern  side  of  the 
area,  but  at  the  western  side  it  bas  jast  begun  cutting  them. 
The  strength  of  meandering  increAses  with  the  thickness  of 
lower  Carboniferons  rocks  which  have  been  cut.  The  same 
relation  is  shown  on  Flat  creek,  the  other  stream  which  has 
been  carefally  mapped.  If  there  is  any  relation  snch  as  sug- 
gested other  than  a  mere  accidental  one  it  wonld  be  difficult  to 
explain  the  meanders  by  inheritance. 

Another  fact  pointing  in  the  same  direction  is  the  occur- 
rence of  river  gravel  on  the  eloping  points  of  land  extending 
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into  these  meanders.  They  have,  so  far,  with  oae  donbtfal 
exception,  been  found  on  the  long  slopes  between  adjacent 
ox-bows.  They  occur  scattered  over  these  slopes  np  to  sach 
a  height  that  lines  drawn  connecting  the  outer  extremities  on 
adjacent  but  oppositely  pointiug  necks  of  land  would  have 
only  a  slightly  undnlatory  course.  They  would  certainly  not 
be  sufiQciently  crooked  to  indicate  floodplain  meanderiug  in 
the  streams  on  whose  channel  they  were  rounded.  These 
scattered  gravels  have  been  seen  on  all  the  larger  tributaries 
of  White  river  in  southwestern  Missouri  and  on  the  main 
stream  itself.  Their  position  has  been  referred  by  Winslow  to 
a  Lafayette  submergence.  There  is  no  critical  evidence  to  dis- 
prove this  but  from  the  point  of  view  of  mere  probability  the 
reference  seems  not  to  be  established.  To  have  the  country 
warped  to  so  exact  a  relation  to  the  streams,  and  to  have  nar- 
row winding  estuaries  extending  up  the  rivers  of  the  Ozark 
region  for  several  hundred  miles  seems  to  require  so  exact  a 
manner  and  extent  of  action  that  the  probabilities  if  not  pos- 
sibilities, are  against  it.  The  gravels  are  found  only  along  the 
slopes  leading  down  into  the  ox-bows  and  their  occurrence 
maintains  that  relation  for  miles. 

The  meandering  of  the  Osage  river  is  more  difficult  to  ex- 
plain. The  river  has  not  been  studied  from  this  point  of  view 
and  no  maps  of  any  part  of  it  having  sufficient  accuracy  and 
detail  to  be  of  any  service  for  this  purpose  have  ever  been 
made.  It  is  certain,  however,  that  there  are  places  where  the 
upland  extends  far  into  the  heads  of  the  great  bends  with 
about  the  same  elevation  as  that  outside.  All  the  meanders 
show  unmistakable  evidence  of  development  or  growth  from 
their  original  condition.  The  original  course  of  the  stream 
must  have  been  crooked  but  whether  it  was  a  meandering  one, 
like  floodplain  meandering  is  undetermined.  It  now  seems 
probable  that  at  least  something  more  than  development  from 
a  gently  undulating  course  will  have  to  be  considered  in  ex- 
plaining its  present  course.  No  satisfactory  solution  of  the 
question  can  be  made  until  the  river  is  studied  in  detail  or 
until  it  is  carefully  and  accurately  mapped. 
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The  beat  example  of  a  stream  which  has  extended  jtB 
chaDoel  in  a  sharp  folded  loop  np  the  vatle;  of  a  tribatary  is 
that  of  Tebo  oreek,  aboat  two  miles  northwest  of  Leesville  Id 
Henry  coanty  (fl^Dre  19).  The  onrretit  of  the  creek  became 
deflected  aji^ainst  the  side 
of  its  valley  on  which 
the  tribatary  entered. 
The  exeaTation  on  this 
aide  being  more  rapid 
than  elsewhere  on  ao- 
conot  of  the  presence 
of  the  valley  of  the  trib- 
ntary  the  main  stream 
gradnally  developed 
along  the  line  of  least 
resistance.  Tebo  creek 
is  large  compared  with 
the  tribatary  and  is  a 

figure  lt>.    Bend  in  Tebo  Creek  In  llenrj'  County,  perennial    Stream     while 

the  tribatary  is  only  a  small  branch  that  is  dry  about  one-half 
of  the  time.  The  deflection  of  the  Osage  ap  the  valley  of  the 
Fomme  de  Terre  is  also  a  notable  example. 
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INTRODUCTORY. 

Earlier  Work.  As  is  well  known,  the  field  of  Missoari  is 
not  a  new  one.  Lyell  toached  upon  the  area  daring  his 
second  visit  to  the  United  States  in  1846.  As  early  as  1852 
Owen  included  a  portion  of  the  state  in  his  reporL  In  1853 
Swallow  after  entering  apon  his  work  early  became  interested 
in  the  quaternary  deposits  which  deeply  covered  much  of  the 
surface  and  delayed  the  investigation  of  the  older  formations. 
Many  valuable  statements  therefore  appeared  in  the  earlier 
state  geological  reports ;  and  the  later  work  has  found  such 
statements  uniformly  reliable  as  far  as  they  go.  Their  deficien- 
cies arise  mainly  from  two  causes.  The  older  formations  in 
early  days  were  considered  much  the  more  important  and 
interesting,  while  the  younger  deposits  were  regard  of  little 
stgnificance.  Owing  also  to  imperfect  views  then  prevalent, 
formations  of  widely  different  origin  were  sometimes  asso- 
ciated in  the  same  definition.  For  example.  Swallow  *  says 
the  bowlder  formation  abounds  in  all  parts  of  the  state  north 
of  the  Missoari  river,  and  exists  in  small  quantities  as  far  south 
as  the  Osage  and  Meramec.  In  this  he  includes  with  the 
northern  glacial  drift  that  which  Broadhead  later  and  more 
correctly  calls  'Mocal  drift,"  and  which  has  since  been  shown 
to  be  in  part  as  old  as  the  Carboniferous.  Broadhead's  state- 
ment f  that  the  drift  is  limited  by  the  bluffs  on  the  south  bank 
that  of  the  Missouri  has  been  with  very  few  exceptions  found 
to  be  correct. 

Scope  of  Present  Work.  The  investigation  of  the  char- 
acter and  distribution  of  the  quaternary  formations  of  the 
state  has  had  for  its  chief  objects  the  determination  of  the 
origin  of  the  various  deposits,  and  the  laying  of  the  founda- 
tions for  a  systematic  consideration  of  the  soils  according  to 
modern  methods.  The  work  has  been  directed  largely  to  de- 
termining the  boundaries  of  the  quaternary  formations  and 

•Geol.  Sur.  Missouri,  Second  Ann.  Kep.,  p.  77,  1^55. 
t(ieol.  Sur,  Missouri,  vol.  i,  p.  'n,  is74. 
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INTRODUCTORY. 

Earlier  Work.  As  is  well  known,  the  field  of  Missoari  is 
not  a  new  one.  Lyell  tonohed  upon  the  area  during  his 
second  visit  to  the  United  States  in  1846.  As  early  as  1852 
Owen  included  a  portion  of  the  state  in  his  report.  In  1853 
Swallow  after  entering  upon  his  work  early  became  interested 
in  the  quaternary  deposits  which  deeply  covered  much  of  the 
surface  and  delayed  the  investigation  of  the  older  formations. 
Many  valuable  statements  therefore  appeared  in  the  earlier 
state  geological  reports ;  and  the  later  work  has  found  such 
statements  uniformly  reliable  as  far  as  they  go.  Their  deficien- 
cies arise  mainly  from  two  causes.  The  older  formations  in 
early  days  were  considered  much  the  more  important  and 
interesting,  while  the  younger  deposits  were  regard  of  little 
stgnificance.  Owing  also  to  imperfect  views  then  prevalent, 
formations  of  widely  different  origin  were  sometimes  asso- 
ciated in  the  same  definition.  For  example.  Swallow  *  says 
the  bowlder  formation  abounds  in  all  parts  of  the  state  north 
of  the  Missouri  river,  and  exists  in  small  quantities  as  far  south 
as  the  Osage  and  Meramec.  In  this  he  includes  with  the 
northern  glacial  drift  that  which  Broadhead  later  and  more 
correctly  calls  "local  drift,"  and  which  has  since  been  shown 
to  be  in  part  as  old  as  the  Carboniferous.  Broadhead's  state- 
ment f  that  the  drift  is  limited  by  the  bluffd  on  the  south  bank 
that  of  the  Missouri  has  been  with  very  few  exceptions  found 
to  be  correct. 

Scope  of  Present  Work.  The  investigation  of  the  char- 
acter and  distribution  of  the  quaternary  formations  of  the 
state  has  had  for  its  chief  objects  the  determination  of  the 
origin  of  the  various  deposits,  and  the  laying  of  the  founda- 
tions for  a  systematic  consideration  of  the  soils  according  to 
modern  methods.  The  work  has  been  directed  largely  to  de- 
termining the  boundaries  of  the  quaternary  formations  and 

•Geol.  Sur.  Missouri.  Second  Ann.  Hep.,  p.  77,  1855. 
tCieol.  Sur.  Missouri,  vol.  i,  p.  22,  1S74. 
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oonseqaently  most  of  the  examinations  have  been  along  the 
courses  of  the  Missouri  and  Mississippi  rivers.  Advantage 
has  been  taken,  as  far  as  possible,  of  the  investigations  of  pre- 
vious workers.  As  the  interest  has  been  chiefly  centered  npon 
qaaternary  deposits  connected  with  the  great  ice  invasion, 
formations  that  were  accnmnlating  in  other  parts  of  the  state 
bat  not  connected  with  this  general  inflaence  have  been  passed 
over  with  little  consideration.  The  northern  drift,  as  the  qua- 
ternary formations  connected  with  the  glacial  epoch  may  be 
called,  are  mainly  restricted  to  those  portions  of  the  state, 
north  of  the  Missouri  river  and  certain  very  limited  ar^as  along 
the  Mississippi  farther  south. 

Oeneral  Featurei  of  the  Drift-covered  Region.  The  region 
north  of  the  Missouri  river  may  be  described  as  a  plain  enter- 
ing the  state  from  the  north  and  west  and  sloping  to  the  south 
and  east.  Into  it  the  larger  streams  have  cut  channels  250  to 
300  feet  in  depth.  These  in  some  cases  attain  a  width  of  eight 
to  ten  miles.  Tributary  streams  have  so  eroded  the  surface 
that  except  in  regions  remote  from  the  main  streams  or  where 
erosion  has  been  checked  by  the  underlying  indurated  rocks 
there  is  little  trace  of  the  original  surface  of  the  plain  which 
once  existed.  Here  and  there  over  most  of  the  area  are  flat 
surfaces  as  level  as  a  floor.  The  greatest  height  of  the  plain 
in  the  state  is  about  1200  feet  above  the  level  of  the  sea.  It 
descends  southward  to  an  altitude  of  less  than  1000  feet  near 
Kansas  City  and  about  700  feet  at  Palmyra  near  the  Mississippi. 
The  flat  areas  alluded  to  are  quite  extensive  in  the  neghbor- 
hood  of  Lathrop  and  Cameron  and  farther  to  the  northwest 
around  Maryville,  but  their  greatest  development  is  found  in 
the  eastern  portion  of  the  state.  They  are  well  shown  be- 
tween Macon  and  Palmyra,  between  Moberly  and  Bowling 
Green  and  between  Higbee  and  Warrenton.  Flats  of  similar 
character  mark  much  of  the  southern  boundary  of  the  plain 
adjoining  the  higher  land  in  Lafayette,  Moniteau  and  Pike 
counties. 

The  general  plain,  while  preserving  quite  constantly  the 
slopes  already  indicated,  is  somewhat  deformed.    Its  surface 
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rises  50  to  70  feet  as  it  approaches  the  Missouri  river  in  the 
eastern  part  of  Boone  county,  near  the  Mississippi  in  the 
vicinity  of  Bowling  Green,  Pike  county,  and  along  the  edge  of 
the  quaternary  deposits  a  few  miles  north  of  the  Missouri  in 
Warren  county.  There  is  also  a  degradation  or  lowering  of 
the  plain  near  the  margin  along  the  axis  of  the  valleys  of  the 
Salt,  Ouivre  and  Big  Muddy  rivers.  For  example,  although  the 
general  elevation  above  tide  level  of  the  plain  on  either  side 
is  about  850  feet,  near  Bowling  Green  and  Warrenton,  as 
already  stated,  near  Troy  in  the  valley  of  the  Guivre  the  drift 
overlain  by  loamy  clay  rises  to  an  altitude  of  only  750  feet ; 
and  from  this  meridian  the  plain  slopes  east  toward  the  Mis- 
sissippi, rapidly  dropping  to  the  level  of  a  similar  region  in 
southern  Illinois.  In  passing  from  the  vicinity  in  Warrenton 
to  the  plain  east  of  the  Mississippi  50  miles  away,  the  general 
surface  descends  about  300  feet. 

Transitional  For/natiom.  In  many  localities  in  the  state 
there  are  found  underneath  the  formations  which  are  certainly 
quaternary,  beds  of  clay  of  uncertain  age.  They  seem  to  be 
conformable  with  the  quaternary  deposits,  but  contain  no 
fossils.  Swallow*  has  expressed  himself  thus:  ^'The  pipe 
clay  lies  directly  below  the  bowlder  deposits  wherever  it  has 
been  observed,  and  bowlders  are  more  or  less  dispersed 
through  the  upper  part  of  it  as  seen  in  the  railroad  cut  one 
mile  south  of  Palmyra.  This  deposit  is  abundant  in  Marion, 
Boone  and  Oooper  counties,  and  has  been  seen  in  Moniteau, 
Howard  and  Monroe.  Its  thickness  varies  from  one  to  six 
feet.  This  clay  may  possibly  belong  to  an  older  formation ;  it 
is  not  fossiliferous. "  It  has  been  observed  to  be  well  developed 
in  the  road  cuts  east  and  west  of  Macon,  south  of  Higbee,  and 
near  Mexico.  It  is  usually  either  drab  or  cream  in  color,  of 
quite  uniform  consistency,  without  pebbles,  and  in  appearance 
resembles  the  gray  loamy  clay  found  above  the  drift.  The 
junction  of  this  basal  clay  with  the  older  formations  has  not 
been  clearly  observed. 

*Geol.  Sur.  Missouri,  1st  and  2nd  Ann.  Uepts. ,  p.  77, 1855. 
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Another  formation  which  may  be  considered  transitional 
is  a  chert-bearing  clay  of  residuary  character.  This  asaally 
overlies  the  limestone  formations  beyond  the  limits  of  the  drift 
and  is  found  underneath  it  north  of  the  Missouri  river  at  a 
number  of  points,  especially  in  the  eastern  part  of  the  state. 
The  formation  is  from  two  to  ten  feet  in  thickness.  Chert 
and  rock  fragments  are  usually  very  abundant  and  are 
apparently  derived  from  the  lower  Carboniferous  strata.  They 
are  rarely  rounded  and  apparently  are  of  local  origin,  not  hav- 
ing been  moved,  as  a  rule,  far  from  their  original  positions. 
The  clayey  portion  of  the  formation  is  sometimes  very  slight, 
scarcely  separating  the  fragments  of  rock ;  at  other  times  it 
forms  fully  three-fourths  of  the  entire  deposit.  It  is  usually  of 
A  bright  yellow  color,  but  sometimes  of  a  brick-red,  and  con- 
tains little  silicious  material.  It  closely  resembles  the  residuary 
clays  of  limestone  formations.  Heretofore  it  has  been  con- 
fused with  the  bowldery  drift  of  northern  origin. 

The  Quaternary  formations  may  be  classified  as  follows : 
(1)  the  Bowldery  Drift,  (2)  the  Loess  and  Gray  Loamy 
Olay,  (3)  Terrace  Deposits,  and  ( 4 )  Alluvium. 

BOWLDERY  DRIFT. 

The  bowldery  drift  mantle  is  the  same  as  is  manifested  in 
the  features  which  prevail  in  regions  further  north  and  east. 
It  is  conveniently  considered  under  the  subjects  of  till, 
stratified  or  modified  drift,  and  scattered  erratics. 

Till.  The  till  presents  the  usual  features  found  elsewhere. 
It  consists  of  an  unstratified  clay  containing  pebbles  and 
bowlders  in  greater  or  less  abundance.  It  is  usually  yellowish 
brown  above,  sometimes  showing  reddish  bands,  and  in  case  it 
is  very  thick  or  deeply  covered  with  overlying  deposits,  it 
shows  a  leaden  blue  color  below.  It  is  nowhere  in  the  state 
very  stony,  nor  are  the  bowlders  very  large,  except  in  the  north. 
It  is  commonly  traversed  by  cracks  running  irregularly  through 
it,  and  hence  is  spoken  of  as  '* joint-clay." 

Below,  the  till  is  found  resting  either  upon  the  surface  of 
the  older  rocks  or  upon  the  horizontal  surface  of  the  basal 
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gray  olay  already  mentioned ;  or  it  passes  more  or  less  ab- 
rnptly  into  the  cherty  clay  of  residoary  character.  The  last 
mentioned  relation  is  foand  chiefly  in  areas  occupied  by  the 
lower  Oarboniferons  rocks,  and  near  the  margin  of  the  drift 
area  toward  the  sonth  and  east.  Above,  the  till  is  usually  over- 
lain either  by  modified  drift  or  loamy  clay. 

While  the  position  of  the  till  in  regions  remote  from  the 
streams  is  approximately  horizontal,  especially  in  its  upper 
part,  wherever  the  country  is  broken  it  is  found  covering  the 
slopes  of  the  older  rocks,  sometimes  to  the  very  bottom  of  the 
river  valleys.    This  may  be  accounted  for  either  by  its  first  de- 

■ 

position  on  the  uneven  rock  surface,  or  by  the  ''  creeping  "  of 
the  clays  when  wet.  It  has  been  shown  by  several  observers 
that  similar  clays  when  moist  have  a  tendency  to  gradually 
move  down  slopes. 

The  till  of  Missouri  rarely  presents  pockets  of  sand  and 
gravel  which  abound  in  this  formation  farther  north.  The 
bowlders  and  pebbles  are  derived  in  part  from  remote  sources, 
namely,  from  the  crystalline  rocks  of  Canada  and  Minnesota 
and  from  local  formations  such  as  the  Carboniferous  limestones 
and  sandstones,  and  possibly  in  part  from  hard  rocks  as  far 
west  as  the  Bocky  mountains.  A  bowlder  of  the  peculiar  flint 
found  in  place,  so  far  as  known,  no  nearer  than  western  Dakota 
has  been  obtained  in  Holt  county.  In  certain  localities  the 
coarser  material  seems  to  be  entirely  of  remote  northern  origin. 
This  was  especially  noted  of  the  till  at  Mexico  and  Higbee. 
Cases,  apparently  showing  a  mixture  of  northern  and  local 
materials  have  been  noticed  at  Warrenton,  Fulton  and  Macon. 
In  many  instances  it  has  not  been  easy  to  determine  whether 
the  limestone  blocks  in  the  drift  were  derived  from  ledges 
closely  adjacent  or  from  ledges  within  the  moraine  many  miles 
away.  McGee*  states  that  in  an  abandoned  railway  cutting, 
one  and  one-half  mUes  northwest  of  Macon,  a  block  from  the 
first  limestone  ledge  above  the  Bevier  coal  bed  was  found  to 
be  distinctly  striated  and  to  have  its  nodules  truncated,  though 
moved  but  a  few  feet  from  its  original  position.    More  recent 

*rrans.  St.  Louis  Acad.  Scl. ,  vol.  v,  p.  314. 1888. 
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investigations  have  failed  to  recognize  clearly  the  disturbance 
of  local  material  in  this  way.  Northern  erratics  are  often  found 
in  connection  with  thick  deposits  of  residaary  clay  abounding 
in  chert  nodules  which  are,  of  course,  of  local  derivation  but 
in  no  instance  have  they  been  found  so  situated  as  to  demon- 
strate that  they  were  forcibly  mingled  with  the  same  by  the 
action  of  ice.    They  usually  occur  near  the  upper  surface. 

The  till  is  rarely  more  than  forty  feet  in  thickness ;  most 
frequently  it  is  less  than  Ave,  and  over  considerable  areas  con- 
sists of  small,  shallow,  detached  patches.  Toward  the  margin 
of  the  drift  it  usually  disappears  and  gives  place  to  sparsely 
scattered  bowlders  of  northern  origin.  In  some  places,  how- 
ever, as  near  Fulton  in  Callaway  county,  and  near  Warrenton 
in  Warren  county,  it  presents  a  thickness  of  twenty  feet.  Near 
the  northern  border  of  the  state  in  the  vicinity  of  Unionville 
and  Lucerne,  in  Putnam  county,  there  is  an  unusual  thickness, 
sometimes  of  nearly  two  hundred  feet.  In  Macon  county 
along  the  divide  between  the  tributaries  of  the  Mississippi  and 
those  of  the  Missouri  the  till  is  from  twenty-five  to  forty  feet 
in  thickness.  Id  the  western  part  of  the  state,  a  few  miles 
north  of  St.  Joseph  and  eastward  toward  Oameron  Junction 
the  till  deposits  attain  a  thickness  of  thirty  feet  or  more.  In 
most  of  the  other  localities  examined,  as  in  Olay,  Bay,  Oarroll, 
Chariton,  Randolph,  Howard,  Boone,  Clark,  Marion  and  Balls 
counties,  the  bowldery  drift,  in  its  higher  and  original  position, 
rarely  exceeds  five  feet.  This  qualification  is  made  because  in 
river  valleys  the  drift  accumulates  by  creeping  and  washing 
into  much  thicker  beds. 

Modified  Drift.  As  in  other  regions  a  portion  of  the  drift 
consists  of  the  clay  with  sand  and  gravel,  more  or  less  dis- 
tinctly stratified.  All  graduations  between  this  and  typical  till 
may  be  found  and  the  separation  between  the  two  types  of  de- 
posits is  not  always  an  easy  matter.  In  general  it  may  be  said 
that  the  stratified  drift  overlies  the  till,  especially  in  the  vicinity 
of  present  streams  and  along  former  lines  of  drainage.  It  is 
not  always  readily  determinable  whether  the  modified  drift 
owes  its  characteristic  features  to  conditions  contemporaneous 
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with  its  first  deposition  or  whether  it  has  been  rearranged  by 
inflaenoes  of  comparatively  recont  date.  There  are  also  here 
included  certain  depositions  which  are  naturally  suggested  by 
the  title. 

The  occarrence  of  typical  or  modified  drift  at  high  levels 
has  not  been  noticed.  At  lower  levels  it  is  frequently  found 
in  such  relations  to  streams  as  to  suggest  its  recent  origin. 
Perhaps  the  finest  illustration  of  the  latter  is  found  near 
Hannibal  along  the  north  side  of  the  valley  of  Bear  creek. 
Similar  deposits  have  been  noted  along  Noix  creek,  near 
Louisiana,  and  along  the  Dardenne  north  of  New  Melle,  in  St. 
Oharles  county ;  also  southeast  of  Marshall,  in  Saline  county. 
There  may  be  mentioned  here  also  a  unique  deposit  of 
bowlders  forming  a  stratum  sixteen  feet  in  thickness  near 
Weston. 

Scattered  Erratia,  The  northern  drift  toward  its  margin 
is  rarely  represented  by  either  till  or  stratified  drift  but  by 
northern  erratics  alone,  often  very  sparsely  scattered  over  the 
older  deposits.  Over  many  square  miles  the  only  indication 
pointing  to  northern  influences  is  the  occasional  occurrence  of 
either  a  pebble  or  a  bowlder  of  granite  or  greenstone,  upon 
residuary  cherty  clays.  The  residuary  clays,  just  mentioned, 
often  attain  a  thickness  of  from  five  to  twenty  feet  and  some- 
times resemble  in  color  the  clays  of  the  true  drift,  while  the 
cherty  concretions  and  fragments  simulate  very  closely  the 
northern  bowlders  of  preglacial  origin.  That  these  deposits 
have  often  been  mistaken  for  each  other  is  therefore  not  sur- 
prising. 

Absence  of  Moraines  and  Karnes.  Moraines  have  not  been 
observed  in  the  state.  It  is  not  improbable,  however,  that  a 
careful  examination  of  the  northern  portion  of  the  area  may 
result  in  traces  of  them  beneath  the  loess.  The  thickening  of 
the  till  north  of  St.  Joseph  suggests  such  accumulations  about 
the  borders  of  an  ice  lobe,  which  perhaps  extended  down  the 
Missouri  valley  from  the  north,  or  possibly  pushed  over  from 
the  Des  Moines  valley.  The  arrangement  of  the  streams,  par- 
ticularly the  Grand  river,  and  the  abundance  of  stratitied  drift 
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with  its  first  deposition  or  whether  it  has  been  rearranged  by 
inflnences  of  comparatively  recont  date.  There  are  also  here 
incladed  certain  depositions  which  are  natarally  suggested  by 
the  title. 

The  occurrence  of  typical  or  modified  drift  at  high  levels 
has  not  been  noticed.  At  lower  levels  it  is  frequently  fonnd 
in  such  relations  to  streams  as  to  suggest  its  recent  origin. 
Perhaps  the  finest  illustration  of  the  latter  is  found  near 
Hannibal  along  the  north  side  of  the  valley  of  Bear  creek. 
Similar  deposits  have  been  noted  along  Noix  creek,  near 
Louisiana,  and  along  the  Dardenne  north  of  New  Melle,  in  St. 
Charles  county  ;  also  southeast  of  Marshall,  in  Saline  county. 
There  may  be  mentioned  here  also  a  unique  deposit  of 
bowlders  forming  a  stratum  sixteen  feet  in  thickness  near 
Weston. 

Scattered  Erratia.  The  northern  drift  toward  its  margin 
is  rarely  represented  by  either  till  or  stratified  drift  but  by 
northern  erratics  alone,  often  very  sparsely  scattered  over  the 
older  deposits.  Over  many  square  miles  the  only  indication 
pointing  to  northern  influences  is  the  occasional  occurrence  of 
either  a  pebble  or  a  bowlder  of  granite  or  greenstone,  upon 
residuary  cherty  clays.  The  residuary  clays,  just  mentioned, 
often  attain  a  thickness  of  from  five  to  twenty  feet  and  some- 
times resemble  in  color  the  clays  of  the  true  drift,  while  the 
cherty  concretions  and  fragments  simulate  very  closely  the 
northern  bowlders  of  preglacial  origin.  That  these  deposits 
have  often  been  mistaken  for  each  other  is  therefore  not  sur- 
prising. 

Absence  of  Moraines  and  Karnes,  Moraines  have  not  been 
observed  in  the  state.  It  is  not  improbable,  however,  that  a 
careful  examination  of  the  northern  portion  of  the  area  may 
result  in  traces  of  them  beneath  the  loess.  The  thickening  of 
the  till  north  of  St.  Joseph  suggests  such  accumulations  about 
the  borders  of  an  ice  lobe,  which  perhaps  extended  down  the 
Missouri  valley  from  the  north,  or  possibly  pushed  over  from 
the  Des  Moines  valley.  The  arrangement  of  the  streams,  par- 
ticularly the  Grand  river,  and  the  abundance  of  stratified  drift 
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at  several  points  along  it  suggest  its  peripheral  relation  to  a 
former  extension  of  the  Des  Moines  lobe.  Beferences  made 
in  the  earlier  geological  reports  of  the  state  to  morainic  hills 
south  of  Palmyra  probably  refer  to  some  phase  of  the  accnma- 
lation  of  bowlders  and  gravel  west  of  Hannibal,  which  have 
already  been  mentioned  under  the  head  of  stratified  drift. 

No  distinct  traces  of  ^*  kettle-holes,"  basins,  knobs,  kames 
and  other  irregularities  of  surface  have  been  observed  in  Mis- 
souri. Upon  the  upland,  where  the  drift  may  be  assumed  to 
be  in  its  original  position,  its  upper  surface  is  often  even  and 
horizontal.  Upon  the  slopes  and  at  lower  levels  the  uneven- 
ness  of  its  surface  seems  to  be,  as  already  stated,  the  result  of 
creeping  and  rearrangement  by  water. 

Forest  Beds  and  Old  Soils.  No  traces  have  been  reported, 
or  observed,  of  forest  beds  or  ancient  soils  as  have  been  found 
in  Iowa,  Illinois  and  Indiana.  McGee,  who  made  a  careful 
examination  of  Macon  county,  records  no  indication  of  either 
in  that  district.  A  few  carbonaceous  streaks,  however,  have 
been  observed  in  the  loamy  clay  in  OarroU  and  Audrain  coun- 
ties. Broadhead  reports  the  finding  of  leaves  and  sticks  in 
the  drift  of  Adair  county. 

8trice.  Glacial  scratches  have  been  found  only  rarely  on 
the  underlying  indurated  rocks.  With  one  or  two  doubtful 
exceptions  they  have  been  found  nowhere  else  except  in  the 
vicinity  of  the  Missouri  river.  One  locality  where  they  have 
been  observed  is  a  few  miles  north  of  St.  Joseph.  They  oc- 
cur in  small  patches  upon  the  surface  of  the  limestone  125  feet 
above  the  Missouri  river;  the  direction  is  south,  and  south  26 
degrees  west.  Some  localities  have  been  reported  from  Park- 
ville,  in  Platte  county,  but  they  have  not  been  as  yet  carefully 
examined.  Near  Harlem,  opposite  Kansas  Oity,  a  fine  example 
of  scored  surface  exists  on  a  ledge  about  130  feet  above  the 
level  of  the  river;  some  of  the  striations  have  the  directions 
south  7, 19  and  24  degrees  west,  while  others,  very  clearly 
shown  are  south  51  degrees  east.  These  cover  the  upper  side 
of  the  limestone  in  a  quarry  which  was  opened  to  obtain  ma- 
terial for  protecting  the  railroad  from  the  encroachment  of  the 
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Miesouri  river  nearby.  In  the  eastern  part  of  Kansas  Oity,  a 
little  west  of  the  corner  of  Ferrier  avenae  and  Fourth  street, 
glacial  scratches  on  the  rooks  were  foand  about  one  hundred 
feet  above  the  river  ranning  south  and  south  6  degrees  east. 
Another  locality  about  seven  miles  south  of  Glasgow  was  re- 
ported by  the  late  Prof.  S.  H.  Trowbridge  of  that  place,  as 
being  abont  100  feet  above  the  river  and  showing  directions  a 
little  west  of  south  and  south  20  to  25  degrees  west.  Prof.  J. 
W.  Kilpatrick,  of  Fayette,  has  also  reported  upon  this  locality. 
Prof.  6.  G.  Broadhead  has  found  strise,  in  a  well  70  feet  deep, 
in  the  northeast  corner  of  GarroU  county.  They  had  a  direc- 
tion south  65  degrees  west.  Striae  have  also  been  reported  as 
occurring  on  the  surface  of  limestone  near  Ghillicothe  in  Liv- 
ingston county.  In  Macon  county  three  miles  southeast  of 
Bloomington  Hawn*  has  described  scratches  bearing  south  10 
and  12  degrees  east. 

All  the  strisB  mentioned  are  doubtless  of  ancient  origin. 
Others  much  less  conspicuous  have  been  observed  near  the 
level  of  the  Missouri  at  Wellington,  in  Lafayette  county,  which 
must  clearly  be  referred  to  the  action  of  present  agencies, 
probably  of  floating  ice.f  In  earlier  times,  when  streams  were 
more  copious  and  floating  ice  more  abundant,  this  action  may 
have  been  much  more  vigorous  than  at  present.  It  should  be 
noticed  also  that  the  directions  of  the  strise  given  above  cor- 
respond to  the  direction  of  the  current  of  the  stream  adjacent 
rather  than  to  the  probable  direction  of  ice  currents,  accord- 
ing to  the  general  views  of  glacial  action. 

Limits  of  the  Bowldery  Drift.  With  a  few  exceptions  here- 
after mentioned  the  Bowldery  drift  covers  the  whole  surface 
of  the  state  north  of  the  Missouri  river  and  also  a  few  unim- 
portant areas  south  of  that  stream  and  along  the  western  bank 
of  the  Mississippi,  below  St.  Louis.  The  limit  of  the  drift  has 
been  quite  carefully  studied  because  of  its  important  bearing 
upon  several  questions  in  quaternary  geology.  Three  ob- 
stacles, however,  have  prevented  its  exact  determination.    One 

•Missouri  Geol.  Sur. ,  1st  and  2n(l  Ann.  Hepts.,  pt.  11,  p.  126,  1S55. 
t American  Geologist,  vol.  ix,  pp.  H96-400,  l\m. 
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is  its  proximity  to  the  Missoari  river  and  its  consequent  re- 
moval by  erosion ;  another  is  the  fact  that  it  is  found  deeply 
bnried  under  the  loess  or  loamy  clay ;  and  a  third  is  the  close 
resemblence  of  certain  residuary  deposits  to  the  drift.  The 
limit  may  be  briefly  laid  dow^n  as  follows:  It  enters  the  state 
from  the  west  in  the  northern  portion  of  Kansas  Oity  and  fol- 
lows the  south  bank  of  the  Missouri  river  to  the  vicinity  of 
Waverly,  near  the  eastern  Hue  of  Lafayette  county ;  thence  it 
passes  east  southeast  to  the  vicinity  of  Salt  Springs ;  thence 
north  of  east  around  Marshall  to  the  valley  of  Salt  fork,  which 
it  follows  to  the  Blackwater  and  the  latter  to  its  junction  with 
the  Lamine  in  the  northwest  corner  of  Oooper  county;  thence 
it  follows  along  the  south  side  of  a  valley  to  the  vicinity  of 
Billingsville  on  the  Little  Saliue,  which  stream  it  follows  to  its 
junction  with  the  Missouri,  where  its  exact  location  is  uncer- 
tain because  of  the  recent  excavation  of  the  valley.  It  reap- 
pears on  the  north  bank  of  the  Missouri  near  Portland  in 
southeastern  Callaway  county ;  thence  it  passes  northeast  to 
the  vicinity  of  Danville ;  then  follows  the  divide  east-south- 
east through  Warren  county,  passing  about  four  miles  south 
of  New  Florence  and  south  of  Toque  and  New  Melle ;  thence 
turns  northward  past  Gilmore  to  the  north  side  of  the  valley 
of  the  Cui vre  river ;  thence  north  by  west,  east  of  Silex,  Bowl- 
ing Green  and  McGune,  to  the  mouth  of  Salt  river  where  it 
appears  to  pass  across  the  Mississippi.  It  appears  at  a  con* 
siderable  lower  level  on  the  west  side  of  the  Mississippi  in 
eastern  St.  Louis  county  as  has  been  noted  by  Wright.  *  It 
includes  a  strip  two  to  five  miles  in  width  on  the  west  side  of 
the  Mississippi  to  the  mouth  of  the  Meramec.  From  that 
point,  because  the  older  rocks  rise  high  above  the  river,  no 
trace  of  drift  has  been  found,  for  the  original  margin  has  been 
destroyed  by  the  erosion  of  the  Mississippi  valley.  It  passes 
to  the  east  side  of  the  Mississippi  in  the  vicinity  of  Grand 
Tower  and  thence  follows  in  an  irregular  manner  the  northern 
slope  of  the  Shawnee  hills  eastward  to  the  Ohio. 

•U.  S.  (ieol.  Sur.,  Bull.  58,  pp.  72-73,  1890. 
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Criteria  for  the  Determination  of  the  Drift  Margin.  The 
points  to  be  especially  relied  npon  for  the  determination  of 
the  boundary  are : 

1.  The  existence  or  non-existence  of  certain  erratics  of 
andonbted  northern  origin.  It  is  conceived  possible  that 
some  pebbles  of  crystalline  rocks  composed  of  quartz,  field- 
spar  and  hornblende  may  have  been  derived  from  western 
sources  either  preceding  or  daring  the  glacial  epoch,  and  that 
these  may  have  been  distribated  along  the  valleys  of  the 
upper  streams  from  the  west;  but  certain  rocks,  easily  dis- 
tinguished, are  known  to  be  derived  only  from  northern  locali- 
ties. These  are :  first,  and  perhaps  the  most  characteristic 
in  the  western  part  of  the  state,  the  Sioux  quartzite  from 
southern  Minnesota  and  Dakota ;  second,  the  Laurentian 
granites,  red  and  gray,  of  various  textures  ;  third,  (he  diabase 
from  known  localities  in  Minnesota,  Wisconsin  and  Canada. 
All  these  are  very  frequently  striated  or  planed.  When  so 
found,  they  bear  indisputable  testimony  of  their  northern 
glacial  origin. 

2.  The  occurrence  of  the  erratics  at  such  altitudes  is  not 
to  be  accounted  for  by  the  action  of  present  streams.  After 
the  close  of  the  glacial  period  the  erosion  of  streams  had 
redisturbed  and  probably  largely  redistributed  the  northern 
pebbles.  In  determining  the  margin  allowance  must  be  made 
for  the  action  of  these  influences.  The  correctness  of  the 
determination  may  be  further  estimated  by  the  consideration 
of  the  following  statements.  Localities  outside  of  the  ascribed 
margin  have  been  examined  in  vain  for  evidences  of  northern 
erratics ;  at  Kansas  City,  Independence,  Lake  Oity,  southwest 
of  Lexington,  Higginsville,  Pilot  Orove,  Prairie  Home,  James- 
town, Jefferson  City,  Ohamois,  Hopevile,  Oappeln,  Gottleville, 
Hermann,  Labadie,  Gray  Summit,  Greve  Gobur  Lake,  Fergu- 
son, Florissant,  Webster,  Hematite,  DeSoto  and  Gape  Girar- 
deau. At  all  the  localities  mentioned  clear  evidence  of  their 
absence  has  been  found. 
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In  the  sabjoined  table  is  given  a  list  of  localities  on  or 
near  the  margin  where  northern  erratics  have  been  foand, 
with  the  allitade  of  the  same  above  sea  level. 


Locality. 


Altitude, 
above  Mis- 
souri river 


Altitude, 

above 

sea-level 


Kansas  City,  Jackson  county,  top  of  bluff  near  Ferrler  ave- 
nue   

Sibley,  Jackson  county,  three  miles  west  

Sibley ,  Jackson  county ,  three  miles  south 

Lexington,  Lafayette  county,  southwest  of  town 

Waverly ,  Lafayette  county,  southwest  of  town 

Salt  Springs,  Saline  county,  northeast  of  railroad  bridge  . . . 

Marshall,  Saline  county,  east  of  junction,  top  of  hill 

BlUlngsvllle,  Cooper  county 

Rochepoit,  Boone  county,  east  of  town 

Bluffs,  near  mouth  of  Bonne  Femme,  Boone  county,  thir- 
teen miles  south  of  Columbia 

Hlbemia,  Callaway  county,  and  two  miles  south 

Saint  Aubert,  Callaway  county,  at  various  levels  up  to  five 
miles  north  of  town 

Portland,  Callaway  county,  five  miles  northwest 

New  Florence,  Callaway  county,  four  miles  south 

Danville,  Montgomery  county ! 

Warrenton,  Warren  county 

Tuque,  Warren  county,  seven  miles  south  of  Wright  City. . . 

New  Melle,  St.  Charles  county,  seven  miles  south  of  Wentz- 
ville 

Gilmore,  St.  Charles  county 

Troy.  Lincoln  county,  west  of  Cuivre  river 

Briscoe,  Lincoln  county,  two  miles  east 

Silez  (Auburn) ,  Lincoln  county ,  three  miles  east 

Cyrene,  Pike  county 

Bowling  Green,  Pike  county 

McCune,  Pike  county,  three  miles  east 

Hannibal 

Palmyra 


100 
100 
100 


HO 


200 

3u0 
330 

300 


825 
800 
800 
800 
730 
730 
820 
700 
770 

850 
860 

830 
840 
850 
830 
850 
875 

725 
600 
675 
800 
825 
850 
850 
825 
675 
650 
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It  will  be  noticed,  first,  that  most  of  these  points  are  sit- 
oated  nearly  in  a  horizontal  plane,  which  is  abont  800  feet 
Above  the  sea ;  second,  that  from  the  vicinity  of  Waverly  to 
Marshall  the  location  of  northern  erratics  is  70  to  80  feet 
below  the  general  plane,  which  taken  in  connection  with  other 
phenomena  points  to  the  existence  of  what  is  apparently  an 
old  channel  of  the  Missoari  river,  which  may  be  of  later  age 
than  the  first  deposition  of  the  drift ;  third,  the  boundary  line 
declines  rapidly  in  altitude  in  Saint  Charles  county  and  is  lost 
in  the  vicinity  of  Ouivre  river  near  Troy.  It  may  be  added 
that  whenever  the  margin  is  near  the  altitude  of  800  feet  the 
region  outside  the  margin  is  on  an  average  higher  than  that,  or 
was  presumably  so  before  recent  erosion  took  place. 

A  very  remarkable  fact  is  also  brought  out  in  the  deter- 
mination, namely,  that  the  margin  of  the  drift  seems  usually 
independent  of  the  valleys  of  the  present  streams.  The  occur- 
rence of  extensive  driftiess  areas  in  Pike,  Lincoln,  Saint 
Oharles  and  Warren  counties  was  at  first  discredited.  It 
seemed  more  probable  that  observations  were  incomplete 
rather  than  the  drift  had  failed  to  extend  to  the  Mississippi 
and  Missouri  in  these  regions.  But  repeated  observations 
appear  to  establish  conclusively  the  fact  that  in  these  areas 
northern  erratics  are  found  only  at  low  levels  near  the  present 
streams,  where  they  have  been  brought  quite  recently  by 
agencies  now  in  action,  and  that  originally  the  drift  extended 
only  to  the  line  as  already  stated.  Moreover,  the  probability 
of  this  is  the  more  readily  seen  when  it  is  added  that  this 
driftness  area  contains  knobs  of  considerable  greater  eleva- 
tion than  that  of  the  drift-covered  plain  toward  the  west  and 
north.  (See  plate  xiv).  This  statement  does  not  apply  to 
the  region  in  the  vicinity  of  the  Oaivre  and  Dardenne  rivers, 
where  a  drift-covered  plain  slopes  very  rapidly  toward  the 
east. 

LOESS. 

The  second  prominent  Pleistocene  deposit  is  a  loamy  clay 
which  has  been  commonly  called  the  loess,  when  found  near 
streams.     This  name  was  applied  from  a  close  resemblance 
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of  the  deposit  to  one  of  that  name  in  the  Bhine  valley  in 
Oermany. 

Variation  in  Phyaioal  Characters.  The  loess  has  been  so 
often  defined  that  a  detailed  description  is  nnnecessary.  It  is 
composed  mainly  of  fine  grains  of  silica  some  of  which  attain 
the  size  of  .2  of  a  millimeter,  thongh  much  the  greater  number 
of  particles  are  less  than  .01  of  a  millimeter.  These  particles 
are  coated,  more  or  less,  with  oxide  of  iron  and  calcic  carbonate. 
The  amount  of  the  former  gives  it  its  color  which  in  the  typical 
form  is  usually  a  light  bufiP.  With  it  is  mixed  many  small 
grains  of  clay.  The  finer  ingredients  appear  to  constitute 
a  cement  which  holds  it  firmly  together  so  that  it  usually  stands 
firm  like  indurated  rock,  unless  softened  by  moisture.  In  the 
latter  case  it  has  a  very  slow,  creeping  movement  on  slopes. 
It  is  often  traversed  by  vertical  fissures  which  in  some  cases 
may  be  compared  with  crevasses  in  glaciers.  In  some  localities 
the  grains  of  silica  are  rather  angular  even  the  largest,  but 
more  commonly,  eo  far  as  observation  goes,  the  larger  grains 
are  more  or  less  rounded,  sometimes  worn  smooth,  and  the 
smaller  grains,  though  relatively  less  worn,  are  apparently  as 
much  so  as  could  be  expected  from  their  diminutive  size  and 
the  consequent  feebleness  of  their  impact  during  transporta- 
tion. 

When  the  oxide  of  iron  is  abundant  the  loess  has  a  distinct 
dull  reddish  brown  color;  when  less  abundant  it  is  buff 
colored;  when  absent  it  is  grayish  sometimes  approaching 
white.  The  removal  of  the  iron  oxide  frequently  results  firom 
the  oxidation  of  decayed  vegetation.  It  is  probably  changed 
to  a  carbonate  and  leached  out.  Sometimes  the  iron  collects 
in  the  form  of  small  concretions.  These  at  the  time  of  forma- 
tion may  have  been  carbonate  of  iron,  but  now  are  impure 
limonite.  This  is  true  of  wide  areas  especially  toward  the 
limit  of  the  loess  where  it  is  shallow.  These  areas  are  some* 
times  called  ''buckshot  land."  A  similar  separation  of  the 
iron  has  been  noted  also  in  the  residuary  clays  beyond  the 
limits  of  the  loess.    Occasionally  the  oxide  of  iron  is  concen- 
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trated  along  cracks.    Sometimes  streaks  of  this  kind  of  black 
color  are  dae  to  the  presence  of  manganese. 

The  loamy  clay  has  not  been  recognized  universally  as  a 
geological  eqaivalent  of  the  loess.  Garefal  study  fails  to  find  a 
clear  demarkation  between  the  typical  loess  on  high  levels 
near  streams  and  the  loamy  clay  more  remote  from  the 
streams.  Salisbury  *  was  perhaps  the  first  to  call  attention  to 
the  more  clayey  character  of  the  loess  when  remote  from 
streams.  Not  infrequently  this  clay  has  a  reddish  hue,  but 
over  most  of  its  area  in  Missouri  it  is  of  a  light  gray  or  even 
white.  It  very  closely  resembles,  if  it  is  not  identical  with,  the 
white  clays  described  by  Leverett,  f  as  found  in  Indiana  and 
southern  Illinois.  This  gray  variety  resembles  the  residuary 
clays  very  common  in  the  lower  Carboniferous  and  Silurian 
areas,  and  also  the  clay  sometimes  underlying  the  drift  in 
north-central  Missouri. 

McGee  states  that  the  formation  which  he  calls  upper  till 
in  southeastern  Iowa  is  evidently  the  equivalent  of  the  loess. 
In  the  comparison  of  observed  facts  which  are  reported  for 
Macon  county  it  has  been  impossible  to  distinguish  the  gray 
loamy  clay  from  his  upper  till  on  the  one  hand  and  the  water- 
laid  gumbo  of  his  lower  till  on  the  other.  The  correlation  of 
the  loamy  clay  with  the  loess  is  in  accordance  with  the  con- 
clusions of  Swallow,  Broadhead  and  other  early  students  of 
the  regions. 

One  more  distinction  should  be  made.  One  of  the  first 
things  discovered  in  considering  the  loess  at  Kansas  City, 
where  it  is  well  developed  was  the  fact  that  there  is  a  higher 
loess  and  a  lower  loess.  The  latter  is  the  deep  silt  covering 
the  high  terraces,  which  rise  from  125  to  150  feet  above  the 
Missouri  river  and  is  confined  to  the  immediate  vicinity  of  the 
larger  streams.  Its  character  and  position  is  shown  in  the 
accompanying  cut  (plate  xv,  figure  2).  It  is  that  which  has 
called  forth  most  frequent  comment  and  from  which  most  of 
the  data  concerning  the  '4oess"  have  been  taken.    The  higher 

•Arkansas  Geol.  Sur.,  Ann.  Kep.  1889,  vol.  ii,  p.  226, 1891. 
t American  Geologist,  vol.  x,  pp.  19-24, 1893. 
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loess  aooompanles  the  anmodified  bowldery  clay  wherever  it 
ocoars  in  the  state.  It  covers,  in  the  form  of  a  loamy  clay,  all 
the  aplands  north  of  the  Missoari  river  as  well  as  considerable 
portions  of  older  formations  south  of  that  stream.  The 
i^lose  resemblance  of  the  higher  and  the  lower  loess  deposits, 
as  well  as  their  difference  in  relation,  is  shown  in  many  ex- 
posures in  Kansas  Oity.  The  loamy  clay  nsnally  has  a  gray 
<;olor  more  remote  from  the  margin,  especially  toward  the 
east,  bat  in  the  western  portion  of  the  state  and  partica- 
larly  near  the  margin  in  Clay,  Bay,  Lafayette  and  Johnson 
connties  it  has  a  more  sandy,  and  has  reddish  tinge  which  may 
be  attributed  to  the  inflaence  of  the  sandstone  ridges  in  the 
vicinity. 

Fossils.  Swallow  in  bis  discassion  of  the  loess  speaks  of 
nnmerons  fossils  found  in  it.  These,  however,  as  readily 
seen  from  his  account  were  found  in  the  vicinity  of  the  Mis- 
souri river,  and  therefore  mostly  in  the  lower  loess.  He  says  he 
has  collected  from  it  two  teeth  of  Elephas,  the  jawbone  of 
Oastor  fiber  americana^  a  molar  of  a  ruminant,  the  incisor  of  a 
rodent,  and  mollusca  of  which  seventeen  species  were  of  the 
genus  Helix,  eight  of  Limnsea,  eight  of  Physa,  three  of  Papa, 
four  of  Planorbis,  six  of  Succinea  and  one  each  of  the  genera 
Yalvata,  Amnicola,  Helicina  and  Oylas,  besides  some  others 
not  determined. 

Of  late  years  few  fossils  have  been  observed,  perhaps 
none  certainly  deposited  contemporaneous  with  the  higher 
loess.  Remains  of  the  mammoth  and  mastodon  are  not  infre- 
quent in  the  upper  portion  of  the  northern  drift.  Underneath 
the  loess  and  beyond  its  geographical  limits  great  numbers  are 
sometimes  found  in  the  marshes  upon  the  surface  of  the  older 
rocks.  One  locality  in  the  vicinity  of  Sedalia  has  furnished 
great  numbers  of  mammalian  remains,  particularly  of  the  mas- 
todon and  mammoth.  A  careful  consideration  of  the  fossils 
of  the  loess  in  the  adjacent  region  has  gradually  led  to  the 
conclusion,  that  after  eliminating  the  fossils  which  have  been 
introduced  extensively  in  the  creeping  and  cracking  of  the  de- 

o— 9 
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posit  and  those  species  which  properly  belonged  to  the  lower 
loess,  which  is  mach  more  recent  the  nnmber  of  fossils  in  the 
loess  proper  is  very  small.  This  is  not  surprising  when  the 
probable  maddy  character  of  the  waters  attending  is  taken 
into  acconnt,  and  when  it  is  recalled  that  similar  formations  in 
the  Tertiary,  as  the  White  river  beds  of  the  western  plains, 
mollnscan  remains  are  generally  of  very  rare  occurrence. 

Limits  of  the  Loess  and  Associate  Deposits.  In  this  con- 
nection reference  is  made  particularly  to  the  higher  loessv 
although  as  in  the  case  of  the  drift  that  of  the  lower  loess  i& 
included.  For  several  reasons  it  is  usually  difficult  to  deter- 
mine the  exact  limits  of  the  loess.  No  beach  lines  have  been 
found.  The  slopes  of  the  country  outside  of  the  area  covered 
by  the  deposit  are  generally  so  gentle  that  the  line  of  separa- 
tion is  very  indistinct,  so  far  as  topography  indicates  it.  In 
most  cases  the  loess  resembles  in  color  and  texture  very 
closely  the  adjoining  residuary  clays  and  loams.  Moreover,  the 
two  are  likely  to  become  more  or  less  intermingled.  In  the 
case  of  the  former  also,  as  in  the  drift,  subsequent  erosion  has 
doubtless  in  many  cases  removed  or  modified  the  features  in 
topography  which  might  at  first  have  been  significant.  The 
margin  of  the  drift  for  many  square  miles  has  been  carried 
away  during  the  excavation  of  the  valley  of  the  Missouri.  A» 
yet,  however,  no  crucial  test  has  been  found  by  which  dis- 
crimination may  be  made  between  the  adjoining  loess  deposit 
and  the  residuary  clays  adjacent.  A  microscopic  examination 
might  perhaps  prove  fertile  of  results,  but  this  appears 
improbable,  for  the  conditions  seem  so  similar  in  the  deposi- 
tion of  the  loess  proper  and  of  local  modifications  of  the  re- 
siduary clays  that  the  occurrence  of  certain  mineral  constitu- 
ents or  particular  physical  modifications  of  particles  would 
fail  to  be  significant.  The  rounded  character  of  the  particles 
cannot  be  relied  upon,  as  was  shown  by  Salisbury  in  regard  to 
driftless  area  in  Wisconsin,  because  they  also  are  abundant 
in  both. 
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Criteria  for  Limiting  the  Loess.  The  feat  ares  which  have 
been  most  helpfal  in  the  loeation  of  the  margin  have  been : 

1.  The  difference  in  topography.  This  has  been  taken  in 
its  broader  sense.  The  loess  and  loamy  clay  present  over  most 
of  its  surface  certain  areas  which  are  very  level,  to  which  the 
term  ^^  flats  "  may  be  conveniently  applied.  On  the  other  hand 
the  surface  of  the  older  formations  with  its  covering  of  resid- 
uary clays  very  rarely  shows  such  features,  but  is  everywhere 
of  rounded  or  broken  outline.  In  applying  this  difference  of 
character  it  should  be  remembered  that  there  are  not  included 
the  flat  surfaces  which  are  surrounded  by  higher  levels  for 
such  of  course  may  be  the  result  of  recent  alluvial  deposition. 
The  ^'  flats  "  of  the  typical  loess  region  uniformly  occupy  the 
highest  levels.  Sometimes  the  originally  elevated  surface  may 
have  subsided  or  become  tipped  from  the  creeping  or  moist 
clays  below,  but  with  a  little  experience  both  of  these  sources 
of  error  may  be  largely  eliminated. 

2.  Another  criterion  is  the  depth  of  the  loess  as  com- 
pared with  that  of  the  residuary  clays.  The  depth  of  the  lat- 
ter rarely  exceeds  ten  or  fifteen  feet  and  is  usually  less  upon 
the  top  or  shoulder  of  a  hill ;  while  on  the  other  hand  the  loess 
is  not  apt  to  show  such  attenuation,  but  is  with  few  exceptions 
deepest  upon  the  upland.  In  passing  from  the  residuary  clays 
to  the  loess  this  difference  in  relation  appears  by  the  abrupt 
disappearance  of  the  underlying  rocks.  While  traversing  the 
region  outside  of  the  loess  the  rocks  are  commonly  well  ex- 
posed in  railroad  cuts  but  in  the  loess  districts  they  generally 
disappear.  This  distinction,  however,  becomes  much  less  help- 
ful where  the  loess  is  shallow. 

3.  A  third  distinction  of  mere  or  less  assistance  is  the 
difference  of  composition.  The  loess  and  loamy  clay«  though 
differing  widely  in  different  localities,  is  usually  quite  homO' 
genous  within  limited  areas.  It  rarely  contains  coarse  ma^ 
terial  of  sedimentary  origin,  although  calcareous  and  ferrugin- 
ous concretions  of  considerable  size  are  abundantly  found  in 
some  localities, and  it  seldom  shows  clearly  defined  stratifica- 
tion. The  remarkable  homogenous  and  impervious  character  of 
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the  deposit  is  attested  by  the  fact  that  over  wide  areas  of  east- 
em  Missouri  cisterns  are  made  in  it  by  simply  digging  and  wall- 
ing np  with  stone  or  brick  withoat  the  ase  of  cement.  On  the 
other  hand  the  restdaary  clays  asaally  contain  more  or  less  of 
coarse  material  in  the  form  of  insolaable  fragments  and  peb- 
bles of  silica.  The  color  also  is  of  the  more  commonly  blotched 
appearance  and  often  of  bright  anifarm  red  or  yellow.  This 
varies  of  coarse  according  to  the  character  of  the  rook  which 
has  contributed  to  the  material. 

When  it  is  considered  how  the  general  surface  of  the  loess 
has  been  deeply  excavated  and  that  it  is  very  easily  eroded,  it 
may  be  concluded  that  wherever  the  margin  has  been  subject 
to  active  erosion  it  has  often  been  entirely  removed.  This  ap- 
pears to  have  been  the  case  along  the  valley  of  the  Limine,  in 
Pettis  county,  and  along  the  Missouri  farther  east. 

Location  of  the  Limit.  The  limit  of  the  loess  upon  the 
south  enters  the  state  in  the  southern  part  of  Kansas  City  at 
an  altitude  of  about  950  feet.  Its  position  is  not  clearly  marked 
except  at  certain  points.  The  typical  loess  is  found  upon  the 
higher  portion  of  the  northern  hills  upon  which  the  city  is 
built.  At  the  corner  of  Thirteenth  street  and  Orand  avenue  a 
very  different  deposit  appears  which  is  regarded  as  geest,  or 
residuary  clay.  Moreover  its  junction  with  the  underlying 
rocks  is  characteristically  different.  The  altitude  of  this  cut 
according  to  city  levels  is  930  feet.  To  the  west  and  east  the 
original  boundary  of  the  loess  is  so  modified  by  erosion  as  to 
be  incapable  of  exact  location. 

The  railroad  cuts  on  the  ridge  upon  which  Independence 
ie  built  show  a  reddish  clay  similar  to  that  occuring  in  the 
southern  part  of  Kansas  City.  It  can  scarcely  be  expected  that 
the  loess  could  be  traced  around  the  northern  crest  of  this 
ridge  because  of  its  nearness  to  the  Missouri  and  other  water- 
courses. However,  the  west  slope  of  the  ridge  exhibits 
by  its  topography  as  well  as  character,  surfaces  that  may  be 
considered  as  mainly  loess.  From  Independence  eastward 
to  a  similar  ridge  approaching  the  river  southwest  of  Lexing- 
ton, the  boundary  for  the  most  part  is  obscured  by  erosion 


BOUNDARY  OF  LOBSS.  ^33 

and  in  general  it  may  be  given  as  follows :  From  a  point  on 
the  Independence  ridge  near  the  old  landing  from  which  it  prob- 
ably extented  in  an  irregalar  carve  sooth  it  extends  to  a  high 
point  near  Backner ;  thence  abruptly  taming  to  the  soath  to 
the  vicinity  of  Orain  valley ;  thence  following  the  irregalar 
promontories  formed  by  the  ridges  of  Oarboniferoas  sand- 
stone, it  forms  an  irregalar  line  east  and  north  to  the  point 
before  mentioned,  southwest  of  Lexington.  At  that  point  the 
line  between  the  surface  of  the  loess  and  the  older  ridge  is 
indicated  by  a  change  in  the  slope.  A  similar  relation  is 
found  along  the  east  side  of  ridge  at  May  view,  where  it  is 
crossed  by  the  railroad,  to  the  valley  of  the  Blackwater  where 
again  the  margin  in  obscured  by  erosion  and  has  not  been 
satisfactorily  traced.  It  may,  however,  be  considered  that  it 
failed  to  reach  Warreusburg  and  originally  followed  on  alohg 
the  southside  of  the  Blackwater  to  another  ridge  which 
extends  north-northeast  along  the  west  line  of  Pettis  county, 
the  more  conspicuous  points  of  which  lie  about  six  miles 
southwest  of  Houstonia.  There  the  line  returns  towards  the 
south  to  the  vicinity  of  Lament  and  thence  turns  eastward 
along  the  valleys  of  Little  Muddy  and  Muddy  creeks  to  the 
valley  of  Lamine  in  the  western  part  of  Cooper  county.  This 
portion  of  its  coarse  is  also  very  much  obscured  by  erosion. 
Again  the  boundary  turns  to  the  north  along  the  west  side  of 
the  ridge  east  of  Lamine  and  passes  around  its  northern  point 
in  the  vicinity  of  Pilot  Orove ;  then  again,  though  obscured 
by  erosion,  it  seems  to  trend  southeast  near  New  Palestine 
and  north  of  Prairie  Home  near  the  east  line  of  Oooper  county. 
Here  it  appears  to  be  fairly  well  marked  by  topography  as 
well  as  by  the  character  of  deposits  ;  and  again  near  James- 
town, although  between  these  two  points  the  erosion  of  the 
northern  branches  of  Moniteau  creek  has  encroached  upon  it 
from  the  south.  East  of  Jamestown  it  falls  into  the  trough  of 
the  Missouri  which  it  follows  at  least  to  the  east  line  of  Calla- 
way county.  The  ^'flats''  north  of  the  Missouri  are  all  more  or 
less  covered  by  it,  while  the  heights  south  rarely  if  ever  show  it. 
It  has  not  been  clearly  recognized  on  the  high  swells  in  Mont- 
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gomery  and  Warren  connties.  It  is  certainly  not  foand  on 
the  knobs  in  Pike  and  Lincoln  connties.  A  deposit  closely 
resembling  it  if  not  contemporaneons  in  origin  covers  the 
levels  in  St.  Oharles  and  St.  Lonis  connties  np  to  150  to  200 
feet  above  the  Missouri  river.  Its  southwestern  boundary  in 
St.  Lonis  county  is  not  far  from  the  Greve  Oceur  branch  of 
the  Missouri  Paciflc  railroad.  The  subjoined  table  gives  the 
estimated  altitude  of  the  points  where  this  boundary  has  been 
mostly  distinctly  traced.  From  it  will  be  seen  that  the  line 
is  quite  uniform  and  gently  declines  toward  the  east  and 
south.  On  the  west  it  is  about  one  hundred  and  twenty-five 
feet  higher  than  the  estimated  margin  of  the  drift.  It  grad- 
ually approaches  it  with  a  few  undulations  so  that  in  Mont- 
gomery, Pike  and  Warren  counties  it  corresponds  very  nearly 
with  that  of  the  drift,  though  perhaps  rising  twenty-five  to 
forty  feet  higher  and  extending  correspondingly  farther  where 
the  topography  permits.  It  declines  with  the  margin  of  the 
drift  in  the  valley  of  the  Dardenne  and  Ouivre  rivers.  The 
two  do  not  lose  their  relations  with  each  other  though  they 
cover  the  tops  and  sides  of  the  hills. 

Altitude  above 
L<)<  ■  ALiT  Y .  sea  level . 

Kansas  City,  Jackson  county 950 

Lake  City,  Jackson  county 925 

Sibley,  Jackson  county 92r) 

Lexington,  Lafayette  county 918 

May  view,  Lafayette  county 890 

Mayvlew,  Lafayette  county,  south 875 

BroWnsvlUe,  Saline  county 830 

IIUKhesvllle,  Pettis  county 830 

Pilot  (irove.  Cooper  county 825 

Bllltnflfsvllle,  Cooper  county 825 

Prairie  Home,  Cooper  county hW 

Jamestown,  Moniteau  county   SoO 

TERRACES  AND  ANCIENT  CHANNELS. 

It  is  found  convenient  to  treat  these  classes  of  phenomena 
together,  as  they  are  correlated  in  altitude  and  age.  While  it 
has  been  already  stated  that  the  Pleistocene  area  was  mainly 
a  plain  an  important  modification  of  that  statement  is  neces- 
sary.     There  are  extensive  areas    near  the  larger  streams 
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i^hich  are  oocnpied  xby  high  terraces.  These  are  partionlarly 
prominent  along  the  Missouri  river  above  the  narrowing  of  its 
valley  near  Bocheport.  These  terraces  are  mostly  formed  by 
'deposition.  In  several  cases  the  bed  rock  occupies  mach  of 
their  volame. 

The  upper  terrace  rises  from  125  to  175  feet  above  the 
present  level  of  the  water  in  the  Missoari  river.  Others  of 
corresponding  level  bat  much  less  conspicaoas  are  foand 
along  the  Grand  river  and  other  tribataries  of  the  Missoari 
both  north  and  south.  A  few  small  patches  of  similar  forma- 
tion also  occur  along  the  Mississippi  at  lower  altitudes.  The 
upper  terraces  generally  consist  of  thirty  to  fifty  feet  of  buff 
colored  loess  with  a  stratum  of  reddish  clay  two  or  three  feet 
in  thickness  underneath.  Below,  the  clay  is  often  interstratified 
with  chert,  pebbles  and  northern  drift,  sometimes  intermixed 
so  intimately  as  to  resemble  till.  Examples  of  this  kind  exist 
at  Kansas  Oity.  This  loam  comprises  the  conspicuous  and 
frequently  mentioned  loess  deposits  that  face  the  landing  near 
the  river.  This  deposit  contains  fossil  shells  and  at  its  base 
near  the  foot  of  Lydia  avenue  a  buffalo  tooth  inorusted  with  a 
calcareous  material  was  found. 

In  other  cases  sand  and  gravel  twenty-five  to  fifty  feet  in 
thickness  may  form  the  lower  half  of  the  terrace.  This  form 
is  naturally  less  durable  and  not  so  frequently  found,  but  in 
the  ancient  beds  of  the  Missouri  very  frequently  occurs.  It 
is  the  structure  of  the  upper  part  of  the  old  channel  extending 
through  Saline  county.  The  terrace  also  shows  rock  very 
high  in  its  mass,  as  at  Jefferson  Oity. 

Terraces  along  the  Missouri  River.  The  principal  terrace, 
as  exhibited  along  the  Missouri  north  of  the  boundary  of  the 
state  has  been  described  elsewhere.  From  the  north  line  down 
to  Saint  Joseph  the  trough  of  the  Missouri  is  mostly  rather  nar- 
now  and  shows  no  development  of  this  terrace.  At  that  point 
it  is  questionable  whether  such  is  the  case,  although  it  is  pro- 
bable that  the  bluffs  south  and  east  of  the  Union  depot  should 
be  classed  under  this  head.  Again  the  valley  is  narrowed  and 
^here  is  noted  no  representation  of  the  terrace  until  a  little 
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above  Leavenworth,  Kansas,  where  it  rises  to  the  height  of 
about  100  feet,  and  is  largely  composed  of  Oarboniferons  shales,, 
though  ocoapied  with  loess-like  silt  in  distinct  terrace  form. 
It  is  rather  low,  at  least  next  to  the  river  and  belongs  to  a  dif- 
ferent series.  The  terrace  is  shown  at  Wyandotte,  on  the 
Kansas  side  of  the  stream.  At  Kansas  Oity  there  is  classed 
under  this  head  the  lower  shelf  near  the  river  which  rises  ISO- 
feet  above  the  stream.  Its  structure  is  clearly  exhibited  along 
the  railroad  track  at  the  Hannibal  and  St.  Joseph  bridge.  It 
extended  originally  from  Broadway  eastward  to  the  stream  at 
Lydia  avenue.  Near  the  foot  of  Delaware  street  the  following 
section  is  presented : 

Section  at  Foot  of  Delaware  Street,  Kansas  Oity. 

Feet. 

4.  Loess,  typical,  light  buff 23 

3.  Loam,  reddish,  with  upper  surface  sharply  marked,  whiter  and 

looser  below 23 

2.  Clay,  red,  top  yerj  distinct  and  sometimes  uneven 4 

1.  Concealed  to  level  of  river 25 

A  little  southeast  of  the  foot  of  Lydia  avenue  farther  back 
from  the  river  than  the  previous  section  there  was  noted  a 
very  interesting  outcrop  of  the  base  of  the  terrace.  It  was 
exposed  for  several  rods  along  the  south  side  of  a  recent  street 
cutting.  It  was  very  irregular  in  structure.  The  section  near 
its  western  end  was  as  follows : 

Section  near  Foot  of  Lydia  Avenue,  Kansas  Oity. 

Inches. 
6.    Pebbles  and  loam 24 

5.  Loam,  stratlci^late 8 

4.  Clay,  brownish,  containing  fragments  of  limestone  and  pebbles    20 

3.  Loam,  stratlculate 20 

2.  Limestone,  rubble 18 

1.    Tin,  yellowish,  with  wide  seams  and  a  few  northern  pebbles 

and  bowlders,  some  striated,  mixed  with  chert  and  limestone    84 

The  valley  extending  through  the  southern  part  of  the 
city  along  the  Belt  railway  belongs  to  the  same  level  and  may 
be  considered  the  work  of  an  ancient  channel  of  the  same  age 
as  the  terrace.    Along  the  east  side  of  the  Big  Blue  river  the 
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terrace  is  well  developed.    lis  straoture  is  shown  in  the  fol* 
lowing  section : 

Section  on  Big  Blue  River. 

Feet. 

4.    Loess,  typical,  bair  colored 25 

'6.    Loam,  reddish,  the  upper  surface  quite  distinct  and  rounded, 

approximately  parallel  with  the  present  surface 23 

2.  Loam,  red,  clayey,  darker  than  the  bed  above  and  with  north- 

ern pebbles U 

1 .  Unexposed,  to  level  of  river 25 

The  upper  surface  of  the  loess  extends  backward  in  a 
gentle  slope  thirty  to  forty  feet  higher.  Just  west  of  the 
month  of  the  stream  is  a  railroad  cnt  showing  forty-five  to 
fifty  feet  of  loess  and  red  loam  above,  a  gravelly  stratum  from 
one  to  four  feet  thick,  with  yellow  pebbly  clay,  and  below  lime- 
stone thirty  to  forty  feet  thick  which  occupies  the  interval  to 
the  level  of  the  river.  On  the  north  side  of  the  river  the  ter- 
race is  distinctly  shown  where  the  Hannibal  and  Saint  Joseph 
railroad  cuts  through  the  poiut  as  it  leaves  the  river  to  the 
north.    It  shows  in  its  lower  portion  the  following  section : 

Section  North  of  Kansas  City. 

Feet. 

3.  Loess 40 

2.  Bowlders  and  gravel,  containing  numerous  pebbles  and  bowld- 

ers of  limestone .  red  quartzlte  and  mica  schist 15 

\.    Concealed,  to  water  level 20 

The  limits  of  the  terrace  at  this  point  are  not  well  defined 
and  it  seems  probable  that  considerable  of  the  southern  part 
of  Clay  county  may  belong  to  it.  It  appears  again  extensively 
developed  at  Sibley,  and  while  its  outer  edge  is  well  defined 
its  junction  with  the  higher  formations  of  the  south  cannot  be 
very  definitely  located.  Its  outer  edge  is  about  one  hundred 
and  twenty-five  feet  above  the  Missouri  river,  the  upper  por- 
tion being  made  up  of  eighty  feet  of  loess,  which  is  reddish 
and  clayey  below,  then  four  to  eight  feet  of  yellow  sand, 
coarser  below,  distorted  possibly  by  the  slipping  of  the  bank, 
with  bowlders  near  the  top  which  are  mostly  of  red  quartzite, 
though  a  few  are  granite.  This  soems  to  be  the  common  struc- 
ture of  the  terrace,  except  whei'e  the  limestone  rises  from  be- 
low to  displace  the  coarser  material.    The  terrace  extends  one 
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above  Leavenworth,  Eansas,  where  it  rises  to  the  height  of 
aboat  100  feet,  and  is  largely  composed  of  Oarboniferoas  shales,, 
though  occupied  with  loess-like  silt  in  distinct  terrace  form. 
It  is  rather  low,  at  least  next  to  the  river  and  belongs  to  a  dif- 
ferent series.  The  terrace  is  shown  at  Wyandotte,  on  the 
Kansas  side  of  the  stream.  At  Kansas  Oity  tiiere  is  classed 
under  this  head  the  lower  shelf  near  the  river  which  rises  ISO- 
feet  above  the  stream.  Its  structure  is  clearly  exhibited  along 
the  railroad  track  at  the  Hannibal  and  St  Joseph  bridge.  It 
extended  originally  from  Broadway  eastward  to  the  stream  at 
Lydia  avenue.  Near  the  foot  of  Delaware  street  the  following^ 
section  is  presented : 

Section  at  Foot  of  Delaware  Street,  Kansas  City. 

Feet. 

4.  Loess,  typical,  light  buff 23 

3.  Loam,  reddish,  with  upper  surface  sharply  marked,  whiter  and 

looser  below 23 

2.  Olay,  red,  top  verj  distinct  and  sometimes  uneven 4 

1.  Concealed  to  level  of  river 25 

A  little  southeast  of  the  foot  of  Lydia  avenue  farther  back 
from  the  river  than  the  previous  section  there  was  noted  a 
very  interesting  outcrop  of  the  base  of  the  terrace.  It  was 
exposed  for  several  rods  along  the  south  side  of  a  recent  street 
cutting.  It  was  very  irregular  in  structure.  The  section  near 
its  western  end  was  as  follows  : 

Section  near  Foot  of  Lydia  Avenue,  Kansas  City. 

Inches. 
6.    Pebbles  and  loam 24 

5.  Loam,  stratlci^late H 

4.  Clay,  brownish,  containing  fragments  of  limestone  and  pebbles    20 

3.  Loam,  stratlculate 20 

2.  Limestone,  rubble is 

1.    Till,  yellowish,  with  wide  seams  and  a  few  northern  pebbles 

and  bowlders,  some  striated,  mixed  with  chert  and  limestone    84 

The  valley  extending  through  the  southern  part  of  the 
city  along  the  Belt  railway  belongs  to  the  same  level  and  may 
be  considered  the  work  of  an  ancient  channel  of  the  same  age 
as  the  terrace.    Along  the  east  side  of  the  Big  Blue  river  the 


TBBBAOBS  AT  KANSAS  OITT.  137 

terrace  is  well  developed.    lis  straoture  is  shown  in  the  fol* 
lowing  section : 

Section  on  Big  Blue  River. 

Feet. 

4.    Loess,  typical,  baff  colored 25 

3.    Loam,  reddish,  the  upper  surface  quite  distinct  and  rounded, 

approximately  parallel  with  the  present  surface 23 

2.  Loam,  red,  clayey,  darker  than  the  bed  above  and  with  north- 

ern pebbles 14 

1 .  Unexposed,  to  level  of  river 25 

The  apper  surface  of  the  loess  extends  backward  in  a 
gentle  slope  thirty  to  forty  feet  higher.  Just  west  of  the 
month  of  the  stream  is  a  railroad  cnt  showing  forty-five  to 
fifty  feet  of  loess  and  red  loam  above,  a  gravelly  stratum  from 
one  to  fonr  feet  thick,  with  yellow  pebbly  clay,  and  below  lime- 
stone thirty  to  forty  feet  thick  which  oocapies  the  interval  to 
the  level  of  the  river.  On  the  north  side  of  the  river  the  ter- 
race is  distinctly  shown  where  the  Hannibal  and  Saint  Joseph 
railroad  cats  through  the  point  as  it  leaves  the  river  to  the 
north.    It  shows  in  its  lower  portion  the  following  section : 

Section  North  of  Kansas  City. 

Feet. 

3.  Loess 4<) 

2.  Bowlders  and  gravel,  containing  numerous  pebbles  and  bowld- 

ers of  limestone,  red  quartzlte  and  mica  schist 1j 

1.    Ck)ncealed,  to  water  level 20 

The  limits  of  the  terrace  at  this  point  are  not  well  defined 
and  it  seems  probable  that  considerable  of  the  southern  part 
of  Clay  county  may  belong  to  it.  It  appears  again  extensively 
developed  at  Sibley,  and  while  its  outer  edge  is  well  defined 
its  junction  with  the  higher  formations  of  the  south  cannot  be 
very  definitely  located.  Its  outer  edge  is  about  one  hundred 
and  twenty-five  feet  above  the  Missouri  river,  the  upper  por- 
tion being  made  up  of  eighty  feet  of  loess,  which  is  reddish 
and  clayey  below,  then  four  to  eight  feet  of  yellow  sand, 
coarser  below,  distorted  possibly  by  the  slipping  of  the  bank, 
with  bowlders  near  the  top  which  are  mostly  of  red  quartzite,. 
though  a  few  are  granite.  This  soems  to  be  the  common  struc- 
ture of  the  terrace,  except  whe)*e  the  limestone  rises  from  be- 
low to  displace  the  coarser  material.    The  terrace  extends  one 
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or  two  miles  westward  along  the  river  and  is  from  one-half  to 
three-fourths  of  a  mile  broad  at  its  widest  place.  At  Camden 
it  is  clearly  exhibited  and  continues  north  of  Lexington  Janc- 
tion,  probably  as  far  as  Oar  roll  ton.  East  of  Richmond  it  fills 
the  space  between  the  broad  bottoms  of  the  Missouri  on  the 
south  to  the  easterly  coarse  of  Orooked  river. 

In  the  southwest  portion  of  Lexington  there  is  a  terrace- 
like formation  quite  distinct  from  the  higher  land  to  the  north 
and  east.  It  is  exposed  most  prominently  at  the  brickyard. 
It  seems  to  be  a  deposit  formed  in  a  short  bend,  convex  toward 
the  southeast.  Its  upper  surface  is  partly  removed  by  erosion, 
but  the  section  may  be  constructed  as  follows : 

Section  at  Lexington. 

Feet. 
4.    Loess,  the  lower  five  feet  more  clayey,  and  blotched  with  yel- 
low, and  with  black  seams 60 

i.    Sand,  rasty.  stratified,  with  some  crystalline  pebbles 16 

2.    Sandstone  and  marly  clay 5 

1.    Limestone  (Carboniferous) ,  exposed  to  the  level  of  the  river 60 

On  the  north  side  of  the  town  no  distinct  deposit  of  sand 
is  found,  but  the  level  is  occupied  by  Carboniferous  strata  ris- 
ing more  than  one  hundred  feet  above  the  river.  At  Grand 
Pass  the  terrace  begins  to  show  again  on  the  east  side  of  a 
high  point  and  increases  in  width  toward  the  southeast.  It 
includes  a  portion  of  the  point  at  its  northern  extremity.  Its 
general  structure  is  like  that  already  given  for  Sibley  and  Lex- 
ington. 

Deep  wells  that  have  been  sunk  in  Saline  county  and  the 
lower  altitude  of  the  average  surface,  indicate  that  the  terrace 
widens  toward  the  east  so  that  its  southern  line  passes  with 
the  margin  of  the  drift,  as  stated  on  a  previous  page,  south- 
east to  the  vicinity  of  Salt  Springs,  thence  curves  to  the  north 
of  Shackelford,  forming  a  bow  to  the  north  and  around  to  the 
southeast,  passing  east  of  Marshall;  thence  about  one-half 
mile  west  of  Salt  fork  at  Napton  to  the  Blackwater  and  south 
of  that  stream  to  Lamine.  The  altitude  of  the  flat  surface  at 
Marshall  is  little  over  800  feet.  The  wells  at  this  place  as  well 
as  exposures  along  the  ravines  indicate  a  depth  of  fifty  feet  or 
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more  of  gray  loamy  clay  with  as  many  feet  of  sand  below. 
Along  the  valley  of  Salt  fork  erosion  has  removed  the  external 
features  of  the  terrace  althoagh  depositions  of  stratified  sand 
and  gravel  and  in  a  few  cases  deposits  of  till  are  found.  The 
width  of  the  ancient  channel  in  central  Marshall  coanty  is 
very  indefinite.  North  of  Salt  fork  from  Malta  bend  and  Stan- 
hope the  surface  is  mostly  occupied  by  a  broad  terrace  of  evi- 
dently later  origin. 

The  Pinnacles,  about  seven  miles  north  of  Stanhope,  form 
the  western  extremity  of  the  high  divide  which  extends  east^ 
ward  near  Fairville  to  Norton  where  it  broadens  so  as  to  in- 
clude a  high  fiat  region  extending  as  far  east  as  Gilliam.  This 
seems  to  have  been  an  island  of  the  old  drift,  covered  with  the 
high  loess  surface  which  may  at  one  time  have  formed  the 
southeastern  extremity  of  the  divide  between  the  upper  Mis- 
souri and  Grand  rivers.  The  southeastern  extension  of  this 
dividing  ridge  passes  a  little  east  of  Napton  and  north  of  Black- 
water  nearly  to  Lamine.  Some  of  the  higher  points  which 
stand  out  conspicuously  above  the  surrounding  country  have 
not  been  examined  and  possibly  may  be  higher  than  the  level 
of  the  drift.  The  ancient  channel  toward  the  east  is  the  val- 
ley already  alluded  to,  which  extends  from  the  junction  of  the 
Blackwater  and  Lamine  rivers  east-southeast  to  the  vicinity  of 
Billingsville.  This  is  a  wide  shallow  valley  and  exhibits  the 
structure  of  a  thick  stratum  of  loess  overlying  a  deposit  of 
sand  and  gravel  with  northern  erratics.  This  i^robably  con- 
tinues down  the  Petite  Saline  creek  to  the  Missouri,  opposite 
Hocheport.  Between  the  Petite  Saline  and  the  Missouri  north 
is  another  ridge  which  extends  from  west  to  east  south  of 
Booneville  which  is  situated  upon  a  narrow  remnant  of  the 
terrace  under  consideration. 

On  the  north  side  of  the  Missouri  river  an  excellent 
development  of  the  terrace  is  found  between  the  Grand  and 
Ohariton  rivers  from  Brunswick  to  Dalton.  A  section  shown 
at  Brunswick  is  as  follows  : 
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Section  at  Brunswick. 

Feet. 

8.    Ix>es8,  typical,  more  clayey,  and  banded  below 60 

2.    Clay,  brownish,  pebbly,  with  coarse  and  stratified  material 

below;  not  well  exposed  12 

1.    Shale  and  sandstone,  Carboniferous ,  probably 80 

At  Glasgow  it  appears  from  the  straotare  that  another 
portion  of  the  terrace  exists  and  the  height  to  which  the  loess 
capping  rises  above  the  river  is  greater  than  at  other  points. 
A  slope  showing  15  feet  of  reddish  till  was  noticed  a  little 
above  the  Wabash  station  aboat  20  feet  above  low  water;, 
nearby  Oarboniferoas  rocks  appear  considerably  higher.  In 
the  soathern  portion  of  Howard  coanty  there  is  another  wide 
development  of  the  terrace  on  the  north  eide  of  the  river 
extending  from  a  few  miles  west  of  Franklin  nearly  to  Boche- 
port.  The  structure  is  similar  to  that  already  described  except 
that  the  lower  portion,  below  the  loess,  consists  of  several 
layers  of  coarse  sand  interstratified  with  a  reddish  clay.  From 
the  vicinity  of  Bocheport  to  Marion  the  trough  of  the  Missouri 
is  very  narrow  and  no  terrace-like  formations  have  been 
observed. 

North  of  Oedar  Oity  very  thick  deposits  of  a  reddish  yel- 
low clay  begin  to  show  in  the  lower  portions  of  the  deep 
ravines  which  cut  the  magnesiau  limestones.  The  south  bank 
of  the  Missouri  river  between  Jefferson  City  and  the  Moreau 
is  of  terrace  form,  but  is  composed  mainly  of  limestone.  This 
has  been  cut  and  separated  into  more  or  less  distinct  masses 
by  deep  ravines  which  have  been  largely  filled  up  by  the  loess- 
like loam  which  presents  a  comparatively  even  upper  surface 
next  to  the  river.    This  rises  only  about  100  feet. 

At  Dutzow  and  Augusta  in  Saint  Charles  county  a  terrace 
is  clearly  defined  and  of  similar  structure,  but  nearly  twice  as 
high,  as  the  last  one  mentioned.  Upon  the  south  side  of  the 
river  a  small  area  of  terrace  formation  appears  north  of  Laba- 
die.  In  the  western  part  of  St.  Louis  county,  between  Or- 
ville  and  Belfontaine,  a  terrace  of  corresponding  height  occupies 
much  of  the  high  ground.    So  also  in  the  northeastern  and 
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eastern  portions  of  the  same  coanty,iDoladiDg  the  eastern  part 
of  the  oity  of  St.  Louis. 

Terraces  along  the  Mississippi  River.  The  Mississippi 
river  terraces  are  not  so  clearly  marked  as  those  on  the  Missoari 
and  yet  are  distinctly  discernible  at  a  number  of  points,  as 
north  of  Bear  creek  which  enters  the  Mississippi  at  Hannibal, 
along  the  north  side  of  the  lower  portion  of  Salt  river,  on  the 
north  side  of  Noix  creek  at  Loaisiana,  and  less  distinctly 
north  of  the  Gaivre  river  at  old  Monroe.  The  high  land  west 
of  Saint  Peter  and  Saint  Oharles  fall  under  the  same  head. 
It  seems  not  improbable  that  the  loess  blafifs  at  Alton,  Illinois, 
shonld  also  be  classed  with  this  terrace.  East  of  the  Missis- 
sippi in  Illinois,  below  Alton,  this  and  another  somewhat 
lower  terrace  are  clearly  seen  along  the  line  of  the  Wabash 
railway.  The  right  bank  of  the  Mississippi  below  Saint  Louis 
is  uniformly  rocky,  and  beyond  little  if  any  trace  of  this  ter- 
race can  be  found.  At  Grand  Tower,  around  the  isolated  rock 
which  gave  it  its  name,  is  high  land  rising  80  to  100  feet  above 
the  river  which  probably  should  be  classed  under  the  terrace. 

High  Terraces  along  Other  Streams.  As  has  been  inciden- 
tally mentioned,  in  considering  the  terraces  along  the  Mis- 
souri river  its  tributaries  not  infrequently  show  the  presence 
of  similar  features.  It  is,  however,  unnecessary  to  mention 
them  in  detail  except  some  of  those  along  the  larger 
streams.  They  are  less  likely  to  be  preserved  where  streams 
are  insignificant  and  fail  to  excavate  wide  valleys  at  the  time 
of  its  formation.  Moreover,  in  the  erosion  of  such  small 
streams  there  is  a  greater  tendency  to  remove  any  deposits 
that  may  have  been  formed  in  narrow  valleys.  Along  the 
Orand  river  traces  of  the  terrace  have  been  found  near  Sam- 
sel  station,  in  Livingston  county,  where  a  heavy  deposit  of 
gravel  remains.  At  Chillicothe,  also,  a  terrace  is  developed 
east  of  the  Thompson  fork  of  Grand  river.  So,  also,  between 
Bosworth  and  the  river  is  a  slight  indication  of  a  terrace 
formation  upon  the  south  bank  ;  and  similarly  near  Mendon  on 
the  north.    Inconspicuous  traces  of  the  terraces  occur  along 
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the  Ohariton  river,  especially  toward  its  mouth.  Along  the 
Osage  and  less  olearly  along  the  Oasoonade  remnants  of  ter- 
raoe  formation  are  met  with  sometimes. 

LOCAL  FEATURES  OF  THE  DRIFT  AND  LOESS. 

Atchison  County.  Broadhead  estimates  ''that  the  bluff  de- 
posit or  loess  is  200  to  250  feet  in  depth  and  that  the  drift 
does  not  seem  to  be  well  marlced  in  this  county,  though  bowld- 
ers are  occasionally  found."  A  careful  study  of  adjacent 
counties  clearly  indicates  that  the  loess  is  probably  much  less 
than  200  feet  thiclc,  and  that  deep  excavations  would  show 
considerable  till  in  the  higher  portions  of  the  hills.  The  well 
known  tendency  of  the  loess  to  creep  down  and  cover  under- 
lying deposits  readily  accounts  for  the  difference  in  estimated 
thiclcness. 

HoU  County.  The  divide  between  the  Nodaway  and  Mis- 
souri rivers  rises  to  a  height  of  more  than  200  feet  above  the 
level  of  the  latter  stream.  The  exposures  along  the  railroad 
indicate  that  the  loess  probably  attains  a  depth  of  50  to  60 
feet  and  that  the  drift  which  is  mostly,  as  far  as  observed,  of 
the  character  of  till,  is  at  least  25  and  possibly  50  feet  in 
thickness  in  the  higher  portions.  No  sections  observed  were 
more  than  five  feet  in  depth  but  different  exposures  run 
through  an  altitude  of  30  feet.  Large  fragments  of  red 
quartzite  are  particularly  abundent,  though  a  few  granite  and 
greenstone  bowlders  are  also  found. 

Nodaway  County.  Broadhead  says  that  ''the  bluff  forma- 
tion overlies  the  surface  of  the  till  but  is  probably  not  so 
thick  as  in  Atchison  county.  The  bowlder  formation  is  not  so 
generally  diffused,  nor  are  there  such  deep  deposits  found  as 
in  some  counties  farther  east,  nor  the  bowlders  large.  In 
township  sixty-six  on  the  point  of  the  loess  west  of  Nodaway 
river  the  soil  is  sandy  and  many  rounded  bebbles  are  founds 
mostly  consisting  of  granite  and  quartzite."  The  upper  sur- 
face of  the  county  in  much  eroded  and  rarely  shows  the  flats 
which  are  considered  characteristic  of  loess  regions.  The 
loess  has,  especially  along  the  Nodaway  river,  a  more  grayish 
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cast  and  ie  more  tenacioas  than  nearer  the  Missoari  river* 
The  higher  levels  noted  aboat  Wilcox  rise  nearly  1200  feet 
above  the  sea. 

Woftk  County.  As  in  the  adjoining  connties  there  are 
comparatively  few  good  exposures  in  the  district.  The  best 
are  along  Grand  river  which  flows  sonth  through  the  middle 
of  the  county.  The  loess  presents  characteristic  features 
and  as  in  Nodaway  county  is  somewhat  grayer  than  towards 
the  Missouri  river.  In  the  drift  rounded  pebbles  and  bowld- 
ers of  granite  and  other  crystalline  rocks  of  northern  origin 
are  abundant  in  places. 

Harrison  County.  The  surface  deposits  appear  to  be 
somewhat  thinner  in  this  county  than  to  the  east  and  west. 
The  beds  of  the  upper  coal  measures  crop  out  in  numerous 
places  on  the  two  principal  streams  which  flow  southward 
through  the  middle  and  eastern  portions  of  the  area.  The 
uplands  therefore  are  covered  with  superficial  deposits  to  a 
much  greater  depth  than  usual  towards  the  waterwayi^.  Bowld- 
ers of  northern  crystallines  occar  rather  abundantly  as  in 
the  neighboring  counties. 

Gentry  County.  Broadhead,  in  unpublished  notes,  makea 
the  following  references  to  the  surfiice  deposits  of  the  dis- 
trict: '^The  bluff  deposit  or  loess,  overlies  the  hills.  East 
of  Smithton  between  the  branches  of  the  middle  fork  of 
Grand  river  there  is  a  good  exposure  of  altered  drift.  In  a 
spring  a  conglomerate  is  shown  formed  of  sand  and  pebbles 
cemented  by  ferruginous  material.  On  the  adjacent  hill 
occur  many  fragments  of  ferruginous  sandstone  all  evidently 
from  the  same  formation  as  the  bed  found  in  the  spring.'^ 
Borings  near  Stansbury  have  revealed  what  appears  to  be  a 
pre-glacial  channel. 

Andrew  County.  Few  exposures  have  been  noted  in  this 
area.  The  Carboniferous  rocks  rise  to  150  to  200  feet  above 
the  Missouri  river.  A  few  scattered  bowlders  were  found 
near  Amazonia.  Between  that  point  and  Savannah  the  till 
rises  over  275  feet  above  the  river  and  near  the  latter  place 
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25  feet  of  reddish  drift  clay  were  noticed  not  far  from  the 
station,  which  is  1100  feet  above  the  sea  level. 

JDeKalb  County.  The  cats  along  the  line  of  the  Ohlcago, 
Bock  Island  and  Pacific  railroad  exhibit  twenty-five  feet  or 
more  of  yellowish  brown  till,  underneath  the  loess  which  is 
everywhere  heavily  developed. 

Buchanan  County.  This  comprises  an  extremely  inter- 
esting region.  At  the  water-works,  north  of  Saint  Joseph, 
the  Carboniferous  beds  rise  220  feet  above  the  river  level  and 
striated  blocks  of  limestone  are  found,  apparently  only  slighly 
removed  from  their  original  positions.  Upon  these  are  nearly 
fifty  feet  of  reddish  yellow  pebbly  clay.  This  includes  a  few 
feet  of  nearly  pebbleless  clay  underneath  the  loess  which 
rises  above  it  forty  to  fifty  feet.  North  and  east  of  Krug  park 
there  are  several  exposures  on  the  top  of  the  limestone,  prob- 
ably at  a  lower  level,  and  in  most  cases  a  few  scattering 
bowlders  and  pebbles  are  the  only  representatives  of  the 
drift  underneath  the  typical  loess.  Southeast  of  the  Union 
station  is  a. fine  development  of  loess  the  upper  surface  of 
which  rises  about  165  feet  above  the  river.  (See  plate  xyi). 
It  is  fully  100  feet  in  depth,  forty  or  fifty  feet  being  exposed 
in  a  vertical  section  facing  the  river.  In  its  lower  portion 
near  a  brickyard  it  exhibits  two  carbonaceous,  horizontal 
beds  and  also  sand  with  a  gravelly  stratum  below.  North  of 
the  city  one-half  mile  are  the  bluffs  which  were  described  by 
Swallow.    The  section  is  : 

Section  at  Saint  Joseph, 

Feet 
H.     Soil 3 

2.    Loess,  with  horlzoQtal  beds  of  marly  coQcretlons  toward  tbe 

top  and  about  forty  feet  above  the  bottom 100 

1 .    Drift H 

From  the  structure  of  the  bluffs  north  of  the  railroad 
station  and  those  southeast,  the  thinness  of  the  drift  near 
Krug  park,  in  contrast  with  the  heavy  till  farther  north  and 
east,  together  with  the  lower  altitude  of  tbe  bluffs  in  this  por- 
tion, the  conclusion  is  drawn  that  the  prominent  loess  forma- 
tion in  the  vicinity  of  the  city  is  of  terrace  origin.    East  of 
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the  oity  the  loess  rises  200  to  250  feet  above  the  river  and  the 
drift,  whioh  seems  to  be  thicker  and  of  tilMike  oharaoter^to 
the  height  of  170  feet.  Moreover,  the  road-cats  east  of  Yoris 
show  typical  bafif  loess,  sach  as  is  prevalent  near  the  Mis- 
soari,  overlying  the  grayisli  white,  loamy  clay  which  is  more 
prevalent  eastward.  East  and  southeast  of  Bashville  the 
loess  rises  to  a  height  of  210  feet  above  the  station,  while  the 
Oarboniferoas  limestone  attains  a  height  of  125  feet,  with 
scattered  bowlders  of  red  qaartzite  and  granite  upon  its  sur- 
face. Along  the  line  of  the  Atchison,  Topeka  and  Sante  Fe 
railroad  soattieast  of  Saint  Joseph,  cats  twenty-live  feet  in 
depth  showed  aboat  ten  feet  of  loess  resting  npon  the  Oor- 
boniferons  shale  at  a  height  of  aboat  1020  feet  above  sea-level. 
Forty  feet  lower,  toward  the  north,  are  foand  a  few  feet  of 
yellow  till  and  bowlders. 

Clinton  County.    At  Plattsbarg  a  little  below  the  level  of 
the  railroad  station,  which  is  948  above  sea  level,  an  exposure 
near  the  river  shows  the  following  section  : 

Section  near  Plattgburg. 

Feet. 

2.    Clay,  pebbly,,  llgbt  yellow,   gradually  shiding  Into   reddish 

brown  below 10 

1.  Clay,  w^hltlsh,  laminated,  with  flat  calcareous  concretions— pro- 
bably Carboniferous 2 

At  Lathrop,  the  altitude  of  which  is  1070  feet,  wells  said 
to  average  35  feet  in  depth  extend  down  to  a  reddish  clay 
which  contains  a  few  bowlders.  These  wells  are  probably 
below  the  upland  level. 

Caldwell  County,  As  this  area  lies  on  the  northern  slope 
of  the  Grand  river  and  Missouri  divide  there  are  few  good 
outcrops.  The  recent  deposits,  however,  are  essentially  the 
same  as  in  the  neighboring  counties. 

Platte  County.  Broadhead  speaks  particularly  of  a  remark- 
able deposit  of  northern  bowlders  36  feet  in  thickness  which 
occurs  three  and  one-half  miles  above  Weston  and  gives  the 
section  as  follows : 

o— 10 
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Section  near   Weston. 

Feet. 
2.    Drift,  containing  tx>wlders  of  granite.  i|uartzlte,  greenstone 

and  limestone 57 

1.    carboniferous  strata,  to  level  of  railroad  and  Missouri  bottom..  ISA 

A  correspondiDg  stratum  of  bowlders  and  cobblestones 
found  in  the  vicinity  of  the  town  is  traceable  for  a  mile  or 
more,  and  is  16  to  18  feet  in  thickness.  Its  base  is  about  L40 
feet  above  the  present  stream.  It  rests  upon  the  surface  of 
Oarboniferous  strata,  and  is  composed  mainly  of  limestone 
bowlders.  ( See  plate  xvii.)  The  layers  from  which  the  latter 
were  derived  rise  225  feet  above  the  Missouri  bottom  or  to  a 
height  of  1030  feet  above  the  sea,  above  latan,  while  the  top 
of  the  loess  at  that  point  is  over  100  feet  higher.  Between 
Edgerton  Junction  and  Camden  Point  is  a  similar  high  ridge 
of  Oarboniferous  strata  rising  220  feet  above  the  Missouri  at 
Beverly  or  1000  feet  above  the  sea.  Upon  the  rocky  knob  of 
this  ridge  numerous  northern  bowlders,  mainly  of  quartzite,  are 
strewn.  No  clear  trace  of  the  cobblestone  layer  has  been 
noted  along  the  Platte  river,  but  it  posbibly  exists  there.  No 
bowldery  stratum  is  found  upon  the  Kansas  side  of  the  river 
opposite  Weston,  although  the  Carboniferous  strata  rise  to  an 
unusual  height  at  that  point.  East  of  Beverly  the  Oarboni. 
ferous  rises  about  75  feet  above  the  bottoms,  but  no  traces  of 
northern  erratics  appear  underneath  the  50  to  70  feet  of  loess 
which  occupies  the  ridge.  At  Parkville  on  the  upland  indica- 
tions of  drift  in  the  form  of  till  three  to  four  feet  in  thickness 
are  found  in  basins  of  limestone,  underneath  about  50  feet  of 
loess  which  in  this  region  is  less  tenacious  and  has  more  of  a 
reddish  hue  than  elsewhere.  In  places  it  washes  badly  in  the 
fields  and  does  not  show  the  tendency  to  ^ertical  cleavage  as 
prominently  as  is  commonly  the  case. 

Clay  County.  The  drift  is  nowhere  found  more  than  five 
feet  in  thickness.  A  well  at  Linden  upon  the  upland  reached 
standstone  within  thirty  feet  of  the  surface.    The  loess  shows 
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similar  characters  to  that  of  Platte  coanty.  Two  or  three  miles 
southeast  of  LindeD  a  railroad  cat  exhibited  the  following 
ftectioD : 

Section  South  of  Linden, 

Feet. 

5.     Soil 3 

4.    Clay »  blotcbed  rusty  yellow 2 

8.    Clay,  lighter,  laminated  and  more  loamy 5 

2.    Clay,  transitional 2 

1.    Clay,  dark  chocolate,  the  lower  half  containing  small  pebbles 

of  red  quart zlte  and  greenstone 8 

The  limestone  is  not  exposed  and  consequently  the  till 
may  be  thicker.  At  .the  point  where  the  railroad  leaves  the 
Missouri  bottoms  northeast  of  Harlem  is  a  deep  cut  showing 
12  feet  of  typical  loess,  10  feet  of  a  mixture  of  bowlders  and 
gravel  most  of  which  is  Carboniferous  limestone,  a  few  of  red 
quartzite  and  mica  schist ;  the  base  is  15  to  20  feet  above  the 
river.  Opposite  the  bend  of  the  Missouri  river  above  Harlem, 
the  Oarboniferous  strata  rise  130  feet  above  the  water  and  the 
top  layer  of  limestone  for  an  area  of  several  square  feet  is 
beautifully  planed  and  striated.  Upon  this  lies  a  gray  till  with 
a  few  northern  bowlders.  There  is  a  trace  of  stratification  in 
the  upper  part  of  the  till  and  in  one  place  about  four  inches  of 
sand  next  to  the  rock.  The  loess  in  the  hill  rises  70  to  bO  feet 
higher. 

Bay  County,  Little  northern  drift  is  shown  upon  the 
upland.  In  the  valley  of  Orooked  creek  north  of  Bichmond 
there  are  accumulations  of  bowlders  and  clay  resembling  till 
which  are  considered  the  recent  accumulation  of  the  stream. 
The  southern  part  of  the  county  near  the  river  bottom  shows 
a  high  terrace  composed  of  loess  above  and  gravel  below.  In 
the  northern  part  of  the  county  are  high  points  of  loess  rising 
i050  feet  above  the  sea  and  exhibiting  good  examples  of  flats. 
The  loess  is  possibly  100  feet  in  thickness.  About  ten  miles 
north  of  Richmond  it  is  fifty  to  sixty  feet  thick,  with  a  scatter- 
ing of  northern  bowlders,  local  chert  and  limestone  upon  the 
high  surface  of  the  Oarboniferous  rocks.  The  latter  in  the 
northeastern  part  of  the  district  seems  to  be  a  continuation  of 
the  high  ridges  which  are  so  conspicuous  south  of  the  river. 
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Jackson  County.  Little  need  be  added  to  what  has  already 
been  mentioned  in  the  general  description  of  the  drift,  loess 
and  terrace  deposits.  The  true  quaternary  deposits  are  con- 
fined largely  to  a  narrow  strip  along  the  northern  side  of  the 
county.  The  residaary  clays  which  overlie  the  Oarboniferoas 
in  the  southern  three-fourths  have  not  been  observed  to  be 
over  fifteen  feet  in  depth  on  the  summits  of  the  highland  and 
frequently  the  limestone  strata  are  exposed  on  the  sides  of  the 
hUls. 

Lafayette  County.  The  bowldery  drift  is  confined  to  the 
extreme  northern  edge  of  the  county,  while  the  loess  covers 
about  four- fifths  of  the  district.  The  latter  is  much  eroded 
and  traces  of  what  may  be  considered  as  the  original  surAioe 
are  found  along  the  east  side  of  the  ridges  near  May  view  and 
Lexington,  about  Oorder  and  Waverly.  The  thickness  of  the 
loess,  as  near  as  can  be  judged  from  reports  of  wells  and  shafts^ 
is  very  rarely  over  50  feet  upon  the  upland  and  sometimes  not 
more  than  15  or  20  feet.  At  Oorder  the  Carboniferous  sand- 
stone was  struck  in;  different  wells  at  a  depth  of  40  feet  and 
at  one  place  at  a  depth  of  20  feet.  A  section  at  Waverly 
beginning  200  feet  above  the  river  shows  a  slope  and  exposure 
of  loess  of  130  feet,  four  to  five  feet  of  bowldery  clay  and  then 
shale  of  the  Carboniferous  to  the  level  of  the  river.  In  the 
cut  (plate  XV,  figure  1)  the  loess  is  shown  in  the  road  cut 
along  the  river  bluff.  About  two  miles  southwest  of  Waverly 
upon  the  flat  surface  about  900  feet  above  the  sea,  wells  have 
been  sunk  50  to  60  feet  without  reaching  the  bottom  of  the 
loess  and  in  one  there  were  85  feet  of  loamy  clay  before  sand 
was  encountered.  In  the  cuts  along  the  Missouri  Pacific  rail- 
road from  Lexington  to  Concordia  the  loess  has  not  been 
found  to  be  over  15  feet  in  thickness.  South  of  Aullville  the 
Carboniferous  rocks  rise  nearly  800  feet  above  the  sea. 

Johnson  County,  Most  of  the  area  is  covered  by  a  tenacious 
yellowish  and  reddish  clay  with  the  exception  of  small  areas 
near  the  northeast  corner  which  have  a  more  loamy  character 
and  are  referred  to  the  loamy  clay. 
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Pettis  County.  No  traces  of  northern  bowlders  are 
exhibited.  The  northern  portion  of  the  county  is  covered  with 
a  thin  deposit  of  loamy  clay  showing  the  limit  of  the  loess. 
That  limit  lies  mainly  along  the  valley  of  the  Lamine.  The 
change  in  passing  north  of  that  stream,  north  of  Georgetown, 
is  noticeable,  not  only  in  the  topography  bat  in  the  complete 
disappearance  of  the  underlying  rock  which,  sonth  of  that 
point  commonly  appears  in  railroad  cuts.  The  residuary  clay, 
as  exhibited  near  Sedalia,  is  of  a  light  gray  color  blotched  with 
yellow,  and  quite  plastic.  In  many  places  it  abounds  in  small 
shot-like  concretions  of  iron  oxide.  The  depth  of  the  residuary 
clay  has  not  been  satisfactorily  determined,  but  in  places  it  may 
attain  a  thickness  of  over  20  feet,  though  not  more  than  ten  or 
twelve  have  been  seen  actually  exposed. 

Saline  County.  This  portion  of  the  state  is  remark- 
able for  its  peculiar  topography  which  has  been  already  alluded 
to.  Meek  more  than  forty  years  ago  called  attention  to  its  fea- 
tures and  states  that  the  Salt  fork  of  the  Lamine  passes  with- 
in a  few  rods  of  the  valley  of  the  Missouri.  ^^The  Missouri 
river  skirts  its  north  and  east  sides  with  a  broad  alluvial  val- 
ley. This  is  especially  wide  between  Grand  Pass  and  the 
Pinnacles  southwest  of  Miami.  It  approaches  so  near  the 
Missouri  valley  at  the  Grand  Pass  in  the  northwestern  part  of 
the  county  that  it  could  be  turned  into  it,  if  desirable,  by  a 
canal  not  more  than  about  35  feet  deep,  and  150  to  200  yards 
in  length;  afterwards  it  turns  and  flows  across  the  interior 
where  the  country  must  rise  at  some  places  as  much  as  140 
feet  above  its  valley  on  each  side.  At  the  narrow  point  men- 
tioned above  there  is  a  low  place  where  water  appears  to 
have  flowed  across  at  some  time  either  from  the  Salt  fork 
into  the  Missouri  valley  or  from  the  Missouri  valley  into  the 
Salt  fork."  He  was  informed  that  during  the  great  flood  of 
1844  the  Missouri  rose  to  within  only  about  twenty-five  feet 
of  the  lowest  part  of  the  gap.  In  the  History  of  Saline 
County  it  is  stated  that  in  1875  the  Salt  fork  overflowed  into 
the  Missouri.  North  of  this  stream  and  east  of  Grand  Pass 
is  a  broad  high  bottom  known  as  the  ^Ten-Saw,  Tete-Saw 


^50  QUATBBNABY  DBPOSITS. 

and  Petite  Osage  PlaiDS."  The  last  is  the  original  name  of 
which  the  others  are  colloquial  abridgements.  The  bottom 
covers  nearly  one-half  of  a  township.  The  surface  is  70  to  90 
feet  above  the  Missoari.  Along  the  east  side  of  the  Petite 
Osage  plain  is  the  north  branch  of  Salt  fork.  North  of  the 
plains  and  aboat  three  miles  southwest  of  Miami  there  is  a 
high  ridge  occupied  with  deep  loess.  It  is  picturesquely 
eroded  at  the  western  end  and  is  called  the  ^Tinnacles."  The 
top  rises  nearly  200  feet  above  the  floodplain  on  the  west. 
From  this  highland  it  extends  eastward  north  of  Muddy  creek 
and  swings  around  to  the  southeast  broadening  so  as  to 
include  from  the  east  side  of  Oow  creek  to  the  Missouri  bot* 
torn  west  of  Glasgow.  Most  of  its  surface  seems  originally 
to  have  been  about  900  feet  above  the  sea.  Between  Muddy 
and  Oow  creeks  is  a  somewhat  lower  area  which  corresponds 
in  height  to  the  land  about  Marshall  and  the  points  adjacent 
to  the  Salt  fork  below  that  place.  The  section  of  the  Petite 
Osage  plain  is  about  60  feet  of  loess  and  25  or  30  feet  of  sand 
in  which  fragments  of  wood  have  been  found.  A  well  118 
feet  near  the  western  edge  is  said  to  have  struck  ^^slate." 
Meek  gives  the  following  section  of  wells  which  are  north  of 
Norton  (Tp.  62  N.,  R.  XX  W.,  Sec.  31) : 

Section  North  of  Norton. 

Feet. 
3.    Soil  and  loess,  consisting  of  fine  yellowish  loam 14 

2.  Clay,  white 20 

1 .  Loess .  yellowish ,  sand  and  clay  with  few  pebbles 2h 

This  is  upon  the  highland  and  the  upper  two  numbers  are 
included  under  what  is  here  called  loess  and  loamy  clay.  On 
the  Petite  Osage  is : 

Section  on  Petite- Osage. 

Feet. 

3.  Soil  and  sub -soil 4 

2.  Loam,  light  yellowish,  fine,  varying  somewhat  In  quantity  of 

arenaceous  material 16 

1.    Loess,  very  fine,  yellowish  blue,  sandy  11 

East  of  Salt  fork,  opposite  Marshall  Junction,  the  follow- 
ing section  appears,  commencing  about  110  feet  above  the  level 
of  the  railroad  junction  or  125  feet  above  Salt  fork : 
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Section  near  Marshall  Junction, 

Feet. 

H  Clay,  light  gray,  loamy,  with  masses  of  chert  In  Its  lower  por- 
tions back  from  the  stream,  Indlcativeof  Carboniferous  rock 
belowr 50 

2.    Clay,  coarse,  sandy  with  fragments  of  northern  pebbles  In  the 

lower  portion B 

1.  Clay,  loamy,  yellow,  pebbly m 

Northwest  of  the  Janction  is  another  good  seotion: 
Section  Northwest  of  Marshall  Junction, 

Feet. 

:^.    Clay,  dipping  to  the  south 12 

2.  Till,  yellowish  brown ,  pebbly,  replaced  toward  the  south  by  ob- 

liquely stratified  sand  and  gravel 4 

1.  Limestone  (Carboniferous) 2 

At  Gilliam,  wells  50  feet  deep  pass  through  the  clay  to  the 
bed  rock.  Traces  of  Dorthern  bowlders  are  sparsely  scattered 
over  the  thick  deposits  of  chert  overljiDg  the  lower  Oarbon- 
iferoas  limestone  near  Arrow  Bock  and  northward  near  the 
Missouri  river. 

Carroll  County.  The  chief  exposures  examined  are  in  the 
vicinity  of  Boswortb.  East  of  the  station  and  about  50  feet 
higher  than  it,  near  the  summit  toward  Grand  river  the  follow- 
ing section  Is  exhibited  in  a  railway  cut : 

Section  East  of  Bosworth. 

Feet. 

f%.    Clay,  black,  separating  into  angular  blocks  In  drying l 

5.    Clay,  whitish,  pebbleless 5 

4.    Clay,  rusty  brown,  pebbly 4 

H.    Clay,  yellowish  whit**,  san<ly 4 

2.  Clay,  yellowish,  blotched,  pebbly  below  4 

1.  Gravel,  with  blackish  streaks  Indicating  torrential  deposition  . .      2 

About  150  yards  farther  east  is  another  exposure : 
Section  East  of  Bosworth  (No,  2). 

Feet. 

4.    Clay,  ashy,  pebbly 2 

a.    Clay,  yellow,  pebbly,  arranged  in  oblique  beds  dipping  to  the 

west,  overlapping  one  another 2 

2.  Clay,  light  gray,  pebbleless 2 

1.    Clay,  pebl)ly 2 

The  ashy  clay  above  is  probably  the  lower  part  of  the 
loamy  clay  commonly  shown  through  the  region  and  here  nearly 
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removed.  The  oblique  position  of  the  clayey  beds  below  may 
be  the  resolt  of  rearraD^ement  apon  the  eide  of  the  hill. 
Abont  one-half  mile  west  of  the  station  and  about  50  feet 
above  it  is  a  cut  16  feet  deep  which  shows  a  stratum  of  black 
material  and  old  soil  about  H  feet  in  thickness  and  thinning  to 
about  three  inches  toward  the  ends.  It  is  in  the  gray  clay 
which  corresponds  doubtless  to  the  loess.  Below  this  is  an 
exposure  of  a  deep  yellowish,  pebbly  clay. 

Chariton  County.  The  principal  sections  examined  are 
along  the  line  of  the  Wabash  railroad.  The  section  at  Bruns- 
wick, supposed  to  be  of  the  high  terrace  is  given  below : 

Section  at  Bruns^oick. 

Feet. 

H.    Loess,  typical,  more  Clayey  and  banded  below 60 

2.    Clay,  l)rownlsh,  pebbly,  with  coarse  and  stmtlfled  material 

below;  not  well  exposed 12 

1.    Shale  and  sandstone  (  Carboniferous),  probably 80 

At  Salisbury  there  are  scattered  northern  bowlders  under- 
neath the  25  to  30  feet  of  yellowish  sandy  loess.  The  erosion 
of  numerous  streams  has  removed  nearly  all  of  the  remnants 
of  the  original  high  plain  from  the  district. 

Bandolph  County.  This  region  exhibits  well  the  flat 
character  of  the  country  more  extensively  developed  in  the 
counties  farther  east,  but  perhaps  less  prominently  in  the 
counties  to  the  west.  The  difference  of  topography  is  partly 
due  to  the  greater  tenacity  of  the  loamy  clay  and  partly  to  the 
gentle  slope  of  the  streams.  This  is  well  shown  in  sections 
near  Higbee  and  Russell  on  the  south  and  between  Moberly 
and  Huntsville  to  the  west.  In  the  vicinity  of  Higbee  the 
whitish  gray  clay  seems  to  be  fully  twenty-five  feet  in  thickness. 
Below  it  pebbly  clay,  yellowish  above  and  dark  below  is 
observed  fifteen  feet  in  thickness  and  from  a  comparison  of 
occasional  exposures  of  limestone  it  is  believed  to  be  not  more 
than  twenty-five  feet  at  any  point.  The  occurrence  of  similar 
deposits  at  lower  levels  seems  quite  clearly  to  be  the  result  of 
creeping  action  on  the  hillsides.  East  of  Higbee  beneath  the 
drift  clays  a  whitish  gray  clay  is  noticed  between  it  and  the 
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Tinder]yiDg  rook.  In  some  oases  this  appears  to  be  the  result 
of  rearraoffement  of  the  depositions  above.  Some  of  the  sec- 
lions  east  of  Higbee  are  as  follows : 

Section  East  of  Higbee, 

Feet. 
2.    Clay,  pebbleless 4 

1 .  Clay,  yellow,  pebbly,  with  northern  bowlders 8 

Section  South  of  Moberly. 

Feet. 
H.    Clay,  whitish  gray 26 

2.  Clay ,  yellow,  pebbly ,  top  horizontal  and  well  defined 10 

1 .    Clay,  cream  to  drab,  jointed,  with  calcareous  concretions,  bat 

no  pebbles  and  the  yellow  clay  resting  upon  It  with  abrupt 
level  separation 6 

The  janction  of  the  gray  olay  with  the  Oarboniferoas  below 
does  not  appear,  but  from  the  altitade  of  the  indurated  strata 
not  far  away  the  lower  gray  clay  is  believed  to  be  quite  thin. 
About  fifteen  feet  below  the  bottom  of  the  last  exposure  men- 
tioned is  an  oatcrop  showing  twelve  to  fifteen  feet  of  modified 
drift  with  laminated  sandstone  below.  Many  limestone  bowl- 
ders occur  in  the  upper  bed,  some  of  them  scratched.  Between 
Moberly  and  Hnntsville  the  surface  is  quite  level,  but  in  the 
vicinity  of  the  latter  place  exposures  corresponding  essentially 
to  those  already  given  were  noted. 

Howard  County.  In  the  southern  portion  of  the  district 
and  near  New  Franklin  extensive  areas  are  occupied  by  the 
high  terrace.  There  is  a  high  ridge  in  which  the  older  rocks 
rise  nearly  800  feet  above  tide  level,  extending  northeast  from 
Olasgow. 

Boone  County,  The  upland  plain  is  finely  developed  in  the 
northern  part.  It  extends  along  the  line  of  the  Columbia 
branch  of  the  Wabash  railroad  as  far  as  Stephen  and  down  the 
eastern  side  of  the  Bonne  Femme  creek  to  a  point  opposite 
Jamestown.  There  seems  to  be  in  this  region  an  elevation  of 
the  upland  of  fifty  to  seventy-five  feet  above  the  normal  level, 
as  though  there  had  been  a  low  anticlinal  recently  extended 
northward  from  the  Ozark  uplift.  The  southwestern  portion 
of  the  county  from  Oolumbia  to  Booheport,  rarely  shows  an 
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elevation  risiaK  more  than  775  feet  above  sea  level.  This  cor- 
responds in  altitnde  to  the  sonthern  part  of  Howard  county 
and  indicates  a  period  of  erosion  contemporaneous  with  the 
cutting  through  of  the  lower  Oarboniferous  rocks  from  Provi- 
dence southward  on  the  Missouri.  The  low  part  of  the  county 
is  covered  with  gray  loamy  clay  underlain  with  a  few  feet  of 
scattered  northern  bowlders,  the  two  together  having  a  thick- 
ness of  from  fifteen  to  forty  feet.  Between  Ashland  and 
Providence  several  good  exposures  occur.  One  east  of  Wil* 
ton  on  the  summit  of  the  bluffs  near  the  Missouri  river  gives 
the  following  sequence  : 

Section  East  of  Wilton. 

Feet. 

3.  Slope,  gray  loamy  clay 20 

2.    Olay,  gray,  loamy,  reddish  below 5 

1.  Clay,  with  mixture  of  chert  and  bowlders,  several  northern 

erratics  of  red  qaartzlte  and  light  gray  granite  h> , 

A  little  farther  east,  at  the  head  of  the  northwest  ravine 
there  are  displayed : 

Section  in  Northwest  Bavine  near   Wilton. 

Feet. 
5.    Slope,  mostly  of  soil  and  light  gray  clay 10 

4.  Clay,  brlclc  red 5 

8.    Clay,  reddish  gray,  with  rounded  shot-like  concretions,  with 

some  dark  horizontal  bands 12 

2.  Clay,  pebbly,  with  streaks  of  yellow,  and  coarsely  blotched 

with  blue  t>elow,  containing  a  few  northern  i>ebbles,  red 

quartzlte  and  greenstone 4 

1 .    Bed-rock,  overlain  with  chert  fragments  (exposed) 2 

Similar  sections  occur  along  the  road  to  Ashland  at  the 
heads  of  the  ravines,  the  bed-rock  rising  somewhat  toward 
the  northeast.  At  Ashland  the  upland  level  is  estimated  to 
be  about  nine  hundred  and  forty  feet  above  tide  level.  At 
Bocheport  is  the  beginning  of  a  gorge  in  the  lower  Oarboni- 
ferous limestone,  through  which  flows  the  Missouri  river. 
The  top  of  the  high  terrace  which  has  been  referred  to  in 
southern  Randolph  county  and  farther  up  the  river  in  connec- 
tion with  the  lower  loess,  seems  to  correspond  roughly  to  the 
loess-like  deposit  overlying  the  top  of  the  limestone  two  to 
three  miles  east  of  Bocheport.    Points  in  this  loamy  terrace 
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rise  to  a  height  of  more  than  two  huDdred  feet  above  the  Mis- 
soan.  The  rock  uDderneath  rises  within  forty  or  fifty  feet  of 
the  sarface  at  these  places.  Several  northern  pebbles  of  red 
qaarfzite  and  trap  rock  are  foand  in  a  ravine,  resting  apon 
the  chert  overlying  (he  limestone.  West  of  Bocheport  along^ 
the  Monitean  creek  a  recent  allavial  terrace  rises  sixty  to 
seventy  feet  above  the  stream. 

Cooper  County,  Swallow  describes  the  loess  as  well 
developed,  presenting  its  asnal  features  and  containing  fossils 
of  several  varieties.  It  is  much  thicker  near  the  Missonrr 
river  bat  in  the  south  part  of  the  district  it  is  not  so  well 
developed,  is  more  argillaceous  and  contains  more  foreign  mat- 
ter. He  evidently  does  not  distinguish  between  the  loamy 
clay  which  is  a  proper  equivalent  of  the  loess  and  the  resid- 
uary clay,  which  like  it  is  usually  gray.  As  stated  elsewhere 
the  terrace,  which  is  well  developed  at  Boonville,  and  the 
old  channel  of  the  same  level,  occupy  much  of  the  northern 
part  of  the  county.  Connected  with  the  channels  northern 
bowlders  are  found.  They  have  been  observed  at  Boonville^ 
and  about  the  junction  of  the  Blackwater  and  the  Lamine  atBil- 
lingsville.  All  are  low  levelp,  none  probably  more  than  seven- 
ty-five feet  above  the  Missouri.  This  terrace  is  deeply 
covered  by  typical  loess.  At  Boonville  Swallow  obtained 
the  following  section : 

Section  at  Boonville. 

Feet. 
4.    Loess,  brown  and  ash  colored,  slUco-argUlaceous,  containing 

many  delicate  land  and  tluvlatUe  shells :     Ifeliat  eUctrinOt  H. 

aUemata^  If.  minuta,  Heiicina  occvUa  and  Succinea  campegtriM  —  100 

8.    Drift,  which  Is  mostly  pebbles  and  sand  3 

2.    Chert,  In  Irregular  beds.  Interstratlfled  w^lth  clay 3 

1.    Limestone,  gray  crystalline,  containing  beds  of  shale M) 

The  loess  of  the  upper  levels  is  as  elswhere,  whiter  thaii 
lower  down.  It  appears  as  the  covering  of  the  Old  Island^ 
back  of  Boonville.  From  occasional  espobures  of  sandstone 
at  high  levels  it  is  evidently  not  over  fifty  feet  in  thickness  and 
possibly  not  more  than  thirty.  The  limit  of  the  loess  over 
most  of  the  county  is  quite  obscure.  This  is  due  to  the  gentle 
slope  of  the  pre-glacial  surface  and  to  its  being  near  streams- 
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which  have  since  changed  the  surface  by  erosion  Soatheast 
of  Billingsville,  at  aboat  the  level  of  the  upper  surface  of  the 
loess,  the  chert  begins  to  appear  on  the  hillsides  close  to  the 
present  surface  which,  south  of  the  limit,  seldom  shows  the 
flats  which  appear  to  the  north  ;  and  the  clay,  which  is  doubt- 
less of  residuary  character,  though  it  resembles  the  loess,  is 
blotched  with  yellow  and  red  and  is  mixed,  especially  below, 
with  fragments  of  chert.  North  of  Prairie  Home  there  is  an 
extensive  flat  covered  with  trees  which  are  different  from 
those  around  and  which  is  recogoized  by  the  residents  as  having 
a  different  soil  from  the  higher  and  more  uneven  country  to 
the  south.  The  form  of  the  plain  surface  of  the  loess  is  prob- 
ably not  due  entirely  to  the  deposition  of  that  formation  but  in 
part  to  the  position  and  the  form  of  the  eroded  surface  of  the 
lower  Oarboniferous  limestone. 

Moniteau  County.  The  margin  of  the  loess  deposits  which 
is  distinctly  marked  north  of  Prairie  Home  in  Oooper  county 
by  a  flat  of  many  acres  covered  with  deep,  light  gray  *  clay 
abuts  against  a  north  slope  rising  from  thirty  to  fifty  feet 
above  it  on  which  are  the  usual  residuary  products.  The 
same  arrangement  extends  into  this  district  as  is  indicated  in 
the  subjoined  cut  (figure  20).    On  the  higher  ground  the  bed- 

prdineMomiJ^ rock    Is    covcrcd    by 

geest  (No.  1)  consist- 
ing of  blotched  and 
reddish  loamy  clays 
with  chert  fragments; 
while  on  the  lower 
level  is  the  loess  or 

Figure  20.    Section  at  Prarle  Home.  gray  Or  whitish   loamy 

clay  (No.  2).  No  trace  of  northern  bowlders  appear  on  the 
southwest  side  of  the  Missouri  river  although  they  are  found 
over  considerable  areas  at  corresponding  levels  within  three 
or  four  miles  of  the  stream  directly  to  the  east. 

Oole  County.  At  Jefferson  Oity  there  is  a  development  of 
typical  loess  covering  the  ridges  of  limestone  at  an  altitude 
of  about  one  hundred  feet  above  the  river.    The  hills  back 
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from  the  stream  exhibit  only  residaary  clays.  Northern 
bowlders  have  been  reported  as  occariog  west  of  the  oity^ 
probably  only  a  few  feet  above  the  river.  The  abseooe  of 
drift  and  loess  was  at  first  not  thought  creditable  because 
those  formations  are  found  capping  the  bluffs  just  north  of  the 
Missouri,  but  no  bowlders  appear  south  of  the  river  at  higher 
levels. 

Callaway  County,  There  is  presented  in  this  region  an 
extensive  level  apland  surface  resembling  in  general  structnre 
that  found  in  Booue  county.  Near  McOreedie  in  a  road-cut 
abontsix  feet  deep,  the  following  section  was  taken,  beginning 
with  the  npland  level : 

Section  near  McCreedie. 

Feet. 

5.     Soil     ', 

4.    Soil,  lighter *, 

H.    Clay,  gray l 

2.    Clay,  laminated l 

1.  Clay,  yellowish,  or  cream  colored  ,  3 

A  little  farther  south  the  basal  member  is  thicker  and  ia 
blotched.  At  Fultoo,  usually  thick  deposits  of  bowldery  clay 
are  fonnd.  South  of  Btiuson  creek,  railroad  cuts  showed  the 
following  combined  section  : 

Section  near  Fulton. 

Feet. 

2.  Clay,  gray,  no  drlfc  pebbles 18 

1.    Drift    clay,   brownish  to  yellowish    till,   containing    several 

striated,  fosslllferous  limestone  bowlders,  some  of  them 
three  feet  in  diameter;  also  smaller  bowlders  of  fine-grained 
dark  red  sandstone 20 

In  the  Thirkield  shaft  one  mile  sonth  of  Fulton,  not  far 
from  the  section  given  above,  it  was  reported  that  the  yellow 
clay  which  presumably  includes  the  loamy  and  bowlder  clays, 
was  fifty  ieet  thick.  Sections  corresponding  to  this  appear 
along  the  railroad  between  New  Bloomfield  and  Oedar  Oity. 
East  of  the  former  place  on  the  north  slope  of  a  ravine  bat 
below  the  apland  level  occars  a  bowlder  clay  of  reddish  yellow 
color.  This  exhibits  a  few  northern  erratics  and  a  few  chert 
blocks ;  while  not  far  away  appear  gray  granite  and  greenstone 
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'bowlders,  some  fally  eight  inches  in  diameter.    A  little  west  of 
Hibernla,  ia  the  head  of  a  ravine  the  section  made  oat  is: 

Section   West  of  Hihernia. 

Feet. 

a.    Clay,  gray,  loamy  30 

2.    Clay,  grayish  yellow,  with  northern  pebbles,  quartzlte,  etc.  ...    10 
1     Hea  ry  deposits  of  large  chert  fragments 10 

The  blaff  east  of  Cedar  City  which  overlooks  the  Missoari 
river  and  rises  three  hundred  and  fifty  feet  above  the  stream, 
is  capped  with  clayey  loess.  Ohert  fragments  rise  within 
twenty  feet  of  the  top.  No  northern  erratics  or  traces  of  peb- 
bly clay  appear.  In  the  ravines  along  the  railroad  the  reddish 
and  yellowish  residuary  clays,  washed  from  the  sarroanding 
hills  have  accamnlated  to  a  thickness  of  thirty  to  forty  feet. 
In  the  soathern  portion  of  the  connty  an  extension,  as  it  would 
«eem,  of  the  divide  between  the  Osage  and  Gasconade,  appears 
north  of  the  Missoari  east  of  Auxvasse  creek,  or  Big  Muddy. 
Points  rising  to  a  height  of  nearly  nine  hundred  feet  above  sea 
level  are  found  southeast  and  east  of  Reform  and  also  south- 
east of  Beadsville.  In  some  places  the  flat  plain  of  the  loamy 
clay  abuts  against  the  remnants  of  the  ridges,  showing  quite 
distinctly  a  change  of  slope.  Immediately  east  of  Reform  at 
an  altitude  of  eight  hundred  and  fifty  feet  a  number  of 
northern  erratics  occur  at  the  bottom  of  twenty-five  to  thirty 
feet  of  whitish  gray  clay.  Eastward,  at  about  the  same  level 
and  on  the  slopes  of  the  valleys  at  lower  levels,  no  northern 
erratics  are  exposed  where  the  gray  clay  has  been  removed 
by  erodion.  West  of  Auxvasse  this  bowldery  stratum  descends 
with  the  gradual  surface  of  the  country  to  the  level  of  the 
river  at  Saint  Aubert.  North  of  latter  place  is  a  narrow  ter- 
race rising  sixty  to  seventy  feet  above  the  Missouri  river  upon 
which  is  situated  a  cemetery.  Along  the  road  there  is  exposed 
red  and  gray  clay,  interstratified  with  two  layers  of  sand 
and  below  it  whitish  gray  clay.  Neither  of  the  deposits  con- 
tains northern  erratics.  The  reddish  terrace  which  extends 
higher  seems  to  rest  upon  the  slope  of  gray  clay.  In  the  val- 
leys of  Logan  and  Big  Tavern  creeks  no  traces  of  northern 


BA.8T  OBNIBAL  MISSOURI.  159 

erratics  appear  either  in  the  gravels  nor  upon  the  ridges 
between.  Along  the  east  line  of  the  connty,  at  the  Bash  place 
on  Hancock  prairie,  an  extensive  flat  appears  north  of  the 
ridge.  According  to  information,  there  is  at  that  point  a  cistern 
twenty  feet  deep,  showing  the  upper  fonr  feet  as  gray  clay, 
reddish  above  and  rnsty  below.  It  is  also  stated  that  on  the 
slightly  higher  land  southeast  of  the  Prairie  no  red  clay  was 
fonnd. 

Osage  County,  On  the  Missonri  blnffs  at  Ohamois,  a  red- 
dish loam  less  than  ten  feet  in  thickness  is  fonnd  overlying 
the  limestone.  No  evidence  of  northern  erratics  appears  on 
hills  which  rise  to  a  height  of  270  feet.  These  elevations  are 
more  than  three  hundred  and  fifty  feet  above  the  river  within 
a  distance  of  two  miles. 

Oasoonade  County.  The  escarpment  of  older  rocks  faoe- 
ing  the  Missouri  rises  high  and  abruptly.  On  the  creek  south 
of  Hermann  there  exists  a  well-formed  terrace,  rising  about 
fifty  feet  above  the  river. 

Montgomery  County,  The  relations  are  similar  to  those  in 
Audrain  given  further  on.  The  southern  half  of  the  county 
Appear  to  be  driftness,  except  along  the  immediate  channels 
of  streams  heading  in  the  drift  area  as  in  the  case  of  Loutre 
river.  Stray  bowlders  are  found  in  this  position  near  Big 
Springs  and  also  north  of  Amerious  near  Minneola.  The  flat 
upland  extends  a  little  south  of  Danville  and  about  six  miles 
south  of  New  Florence.  Its  structure  is  identical  with  that  of 
Audrain  and  Oallaway  counties.  Near  New  Florence,  typical 
bowldery  clay,  a  few  feet  in  thickness,  is  shown  near  the  head 
of  Little  Bear  creek  about  two  miles  west  of  High  Hill ;  also 
north  of  the  edge  of  the  table-land  about  five  miles  south  of 
New  Florence.  In  both  these  cases  the  overlying  formation 
is  a  gray  loamy  clay,  which  has  been  largely  removed  by 
surface  erosion.  Around  New  Florence  on  the  higher  levels 
the  gray  clay  is  from  twenty-five  to  thirty-five  feet  in  thick- 
ness and  is  very  compact,  holding  water  in  cisterns  without 
cementing.  Below  it,  there  is  a  reddish  yellow  clay  resembling 
a  residuary  product  in  which   northern   erratics  lie  in   the 
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npper  portioD,  and  the  lower  is  oooapied  by  larger  angular 
blocks  of  chert  of  local  origin. 

Warren  County.  The  relations  of  the  surface  formations 
are  similar  to  those  of  Montgomery.  The  margin  of  the  flat 
upland  underlaid  by  drift  lies  approximately  parallel  to,  and 
about  four  miles  south  of,  the  line  of  the  Wabash  railroad.  At 
Warrenton  the  railroad  passes  through  a  series  of  cuts  which 
exhibit  fifteen  to  twenty  feet  of  bowldery  clay  containing 
northern  erratics.  At  the  mill  the  drift  is  eighty-five  feet  thick 
as  was  shown  in  the  sinking  of  a  well.  In  a  well  near  the  War- 
renton college,  put  down  in  1866,  a  walnut  log  six  inches  in 
diameter  was  taken  out  at  a  depth  of  ninety  feet.  In  the  rail- 
road cuts  the  following  section  is  shown  : 

Section  near  Warrenton, 

Feet. 
8.    Soil,  and  whitish  clay,  reddish  above 5 

2.    Olay,  dark  graj 4 

1.  Till,  pebbly,  yellowish 15 

The  bottom  of  these  cats  is  about  fifty  feet  below  the  up- 
land level.  The  increased  thickness  is  mainly  in  the  upper 
stratum.  South  from  Warrenton  at  Hopewell  academy  no  drift 
is  found  along  the  valley  of  the  west  branch  of  the  Dry  fork 
of  the  Oharette,  nor  upon  the  knobs  surrounding.  Eastward 
in  the  valley  of  the  main  Oharette  several  large  northern 
bowlders  occur  in  a  low  terrace  thirty  to  forty  feet  above  the 
stream.  From  that  point  along  the  road  to  Tuque  no  traces  of 
northern  pebbles  are  found  until  a  little  west  of  town  where 
they  appear  numerous.  Toque  post-office  is  situated  at  per- 
haps the  highest  point  of  land  in  the  three  counties,  being  over 
nine  hundred  feet  above  sea  level.  At  that  point  in  exposures 
at  the  head  of  a  branch  of  the  Tuque  creek  upon  the  slope 
there  is  found  a  gray  clay  ten  to  twelve  feet  thick.  Near  the 
base  a  white  granite  bowlder  more  than  a  foot  in  diameter  and 
two  small  greenstone  bowlders  were  noted.  In  a  well  thirty- 
two  feet  deep  the  following  section  is  shown  : 

Section  at  Tuque. 

Feet. 
H.    Clay,  gray 7 

2.  Clay,  Jointed T 

1.    Bowlders  and  gravel,  flinty IK. 


SOUTHBASTBBN  LIMIT  OF  THE  DRIFT.  161 

The  jointed  clay  probably  coDtains  northero  erratics,  at 
least  ID  its  power  portion.  This  locality  is  remarkable  for  its 
elevation  and  the  shallowness  of  the  gray  clay.  Only  twelve 
or  fifteen  miles  away  at  Oilmore  very  similar  formations  appear 
at  an  altitude  of  only  600  feet,  and  there  is  a  gradual  slope  firom 
one  place  to  the  other,  intersected,  of  coarse,  by  valleys. 
Southward,  Tuque  creek  and  the  higher  knobs  in  the 
vicinity  failed  to  reveal  any  northern  erratics  except  within  30 
or  40  feet  of  the  level  of  the  streams.  East  of  Marthasville 
there  is  a  terrace  rising  80  to  90  feet  above  the  stream,  but  no 
northern  erratics  are  found  in  it. 

Franklin  County.  This  is  mostly  covered  with  residuary 
clays,  but  northern  bowlders  occur  along  the  Missouri  river  in 
low  terraces  of  narrow  extent.  One  of  these  at  Washington 
rises  sixty  to  seventy  feet  above  the  river  and  exhibits  about 
ten  feet  of  reddish  stratified  sand  not  far  below  its  summit* 
Around  a  bend  of  the  river  north  of  Labadie  is  another  develop- 
ment of  possibly  the  same  terrace  which  rises  a  little  above 
the  level  of  that  station.  Northeast  of  the  station  one-half  to 
three-fourths  of  a  mile  is  a  cut  about  forty  feet  deep  exhibiting 
typical  loess,  with  a  knob  of  limestone  rising  into  it  at  the 
southern  end.  About  fifteen  feet  below  the  surface,  was  found 
a  solitary  red  quartzite  bowlder  about  eight  inches  in  diameter. 
This  presented  all  of  the  properties  of  an  ordinary  Sioux 
quartzite  such  as  is  found  at  Sioux  Falls,  S.  D.  No  other 
northern  bowlders  were  found  in  the  cut.  Careful  search  west- 
ward along  the  railroad  and  over  the  country  to  Gray's  Summit 
revealed  not  a  single  northern  erratic  nor  a  decided  trace  of 
loess,  though  in  a  few  places  there  were  thin  deposits  which 
appeared  very  much  like  it. 

Saint  Louis  County.  This  area  is  highest  upon  the  divide 
near  the  western  boundary  and  slopes  toward  the  northeast. 
Near  Fox  Creek  post-office  on  the  old  turnpike  and  following 
the  divide  for  a  distance  of  three  to  four  miles  west  of  Glencoe 
is  a  peculiar  deposit  of  gravel  lying  at  an  altitude  of  about  800 
feet    above    the    sea    level  and  extending  over  many    acres 

o— 11 
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nearly  in  a  horizoDtal  poBition.  The  foUowiD^r  is  a  sectioD  taken 
in  an  old  gravel  pit  from  which  material  was  taken  for  the 
turnpike  near  by : 

Section  West  of  Olencoe. 

Feet. 
2.    Silt,  jellowlsli  brown :< 

1.  Gravel,  consisting  mainly  of  angular  pieces  of  chert,  though 

many  were  water- worn;  a  few  fragments  eight  to  twelve 
Inches  In  diameter lo 

Not  a  single  crystalline  pebble  conld  be  foaod.  The  forma- 
tion probably  antedates  the  quaternary.  The  same  general  strnc- 
tare  of  the  country,  namely  the  heavy  limestone  overlain  with 
thin  residuary  clays,  prevails  on  all  the  upland  as  far  west  as  the 
line  of  the  Ureve  Coear  branch  of  the  Missouri  Pacific  rail- 
way. The  old  higher  channel  of  the  Missouri  river  at  Dutzow 
and  Augusta  shows  also  on  the  south  side  of  the  c.  unty  and 
south  of  Port  Royal.  Traces  of  northern  erratics  were  not 
found  on  the  south  side  of  the  Missouri,  though  examination 
was  made  for  them  at  Oreve  Ocear  lake,  Ferguson,  Clayton 
Florrisant,  and  elsewhere.  So  also  along  the  Mississippi 
none  were  found  at  Kirkwood,  Webster,  Mentor,  Anderny  nor 
Normandy  heights.  A  very  interesting  exposure  occurs  on 
the  south  side  of  Laclede  avenue  and  just  west  of  Sarah 
street.  It  is  a  road  cut  24  feet  deep  and  shows  above  the 
usual  rounded  surface  the  loess  lying  as  a  blanket  of  nearly 
uniform  thickness  over  the  deposits  below.    The  section  is : 

Section  on  Laclede  Avenue. 

Feet 

2.  Loess,  showlngln  general  itstjplcal  character,  but  whitish  near 

the  surface  and  with  a  horizontal  streak  of  rusty  clay  In  the 

central  portion in 

1.    Clay,  or  till,  bowldery,  with  its  upper  surface  sharply  defined 

and  approximately  parallel  with  the  surface  of  the  ground.      8 

In  the  basal  portion,  which  is  usually  of  a  reddish  brown 
color,  there  are  many  limestone  bowlders  which  are  mostly 
angular  and  a  few  rounded  ones  which  seem  to  be  the  result 
of  weathering.  The  bowldery  clay  is  of  a  waxy  red  character, 
resembling  residuary  clays  of  the  limestone  regions.  With 
these  bowlders  were  found  several  northern  erratics   and  a 
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three-inob  granite  pebble  two  to  three  feet  below  the  top  of 
the  bowldery  clo;.  Id  a  oot  northwest  of  this  point  and  about 
-at  the  aame  level  several  northern  bowlders,  some  of  them 
nearly  a  foot  in  diameter,  were  foand  lying  apon  an  irregular 
weathered  snrfbce  of  limestone.  Tbe  height  of  these  ezposnres 
of  drift  above  the  river  is  less  than  160  feet,  or  aboat  615  feet 
above  tbe  eea. 

The  loess  in  St.  Loais  ooonty  appears  in  the  form  of  a  ter- 
race and  oovers  the  northeastern  part  of  the  area.  Its  relations 
with  the  till  are  represented  in  the  following  sketch  { figare  21 ) 
which  is  a  section  in  SI.  Lonis,  on  Laclede  avenne,  west  of 
Sasan  street.  The  lettering  is :  a  brownish  with  bowlders  of 
limestone  and  an  occasional  granite  pebble,  b  typical  loess, 
■c  soil,  d  light  asfay  loam,  e  is  a  red  waxy  clay,  /  a  distinct  peb- 
ble line.    In  general  the  loess  extends  as  far  aoathwest  as  to 
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the  Oreve  Oceir  branch  of  the  Missoari  Paoiflc  r^lway.  Near 
Normandy  heights  it  is  over  twenty  feet  in  depth.  It  is  foand 
forming  tbe  level  surface  aronnd  Eirhwood,  bot  it  is  not  dis- 
tinctly traceable  so  far  sonth  as  tbe  Merameo  river.  It  rises 
to  a  little  over  600  feet  above  the  sea,  oorrespondlng  to  that 
in  soatbero  Illinois  rather  than  that  of  Missouri. 

The  allnvlnm  is  represented  by  the  bottom  land  over  two 
miles  in  width  in  the  nortbeastern  part  of  tbe  county  and  a 
strip  one  to  three  miles  in  width  from  the  vicinity  of  Oreve 
Ocear  lake  to  the  bend  below  the  Bt.  Oharles  bridge.  Also  an 
area  below  the  month  of  the  Missoari,  east  of  BellefoDotaine 
blnffs. 

•St.  Charlea  Oountt/.  This  region  presents  a  great  variety 
-of  qnatemary  formations.    The  slope  of  the  apland  level  is 
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over  DiDe  handred  feet  above  tide  level  near  the  west  line,  at 
the  head  of  Dardenne  creek  and  from  this  point  slants  north- 
ward toward  the  Oaivre  and  eastward  toward  the  Missouri 
river.  To  the  sonth  the  coanty  is  much  cnt  up  by  deep  ravinea 
and  the  apland  level  can  scarcely  be  said  to  decline.  At  Oap- 
peln  the  surface  is  flat  and  underlain  by  a  light  gray  loamy 
clay,  and  andemeath  it  no  northern  drift  is  found,  though 
abundant  chert  pebbles  lie  not  far  below  the  surface.  About 
Foristell,  Wentzville  and  Gilmore,  underneath  the  thin  gray 
clay  occupying  the  upland  scattered  northern  erratics  are 
not  of  uncommon  occurrence.  At  New  Melle  south  of  Dar- 
denne the  drainage  is  southward  into  the  Missouri  through 
Callaway  creek.  A  few  crystalline  pebbles  are  found  south  of 
the  town  in  the  ravines  leading  to  this  stream  but  on  the  exten- 
sive gravel  bar  of  the  stream  three  to  four  miles  southwest  of 
New  Melle,  not  one  could  be  found.  On  the  crest  of  the  divide 
between  the  Dardenne  and  Ouivre  rivers  at  Gilmore  is  the  fol- 
lowing section : 

Section  near  Oilmore. 

Feet . 

A.    Loam,  dark  colored,  compact,  ending  abruptly  i)elow m 

2.    Clay,  dark  brown,  checking  badly,  leaving  the  formation  above 

standing  out i 

1.    Clay,  light  reddish  brown,  with  flakes  of  chert  and  a  few  small 

worn  pebbles  and  Iron  concretions 6 

At  the  north  end  of  cut  the  second  member  drops  and  the 
uppermost  becomes  twice  as  thick;  also  as  the  cnt  is  lower  at 
that  end  the  yellow  waxy  clay  with  blocks  of  limestone  and 
chert  is  shown  to  be  three  to  four  feet  deep.  On  the  top  of  this 
was  obtained  a  small  reddish  sandstone  pebble,  an  angular  one 
of  fine-grained  white  granite  and  one  of  gray  granite.  Tbe 
limestone  appears  below,  also  the  yellow  clay  and  chert.  The 
bottom  of  the  cut  is  estimated  to  be  about  six  hundred  feet 
above  the  sea.  The  slope  from  this  point  westward  is  very 
regular  at  the  rate  of  over  16  feet  per  mile.  From  the  vicinity 
of  Cappeln  the  whole  slope  of  the  county  is  covered  with  a 
yellow  clay  more  waxy  than  ordinary  surface  clays  and  resem- 
bling the  Carboniferous  varieties.    Were  it  not  for  the  finding 
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of  northern  erratics  in  the  days  at  Gilmore  and  New  Melle 
they  might  be  regarded  as  of  ancient  origin. 

In  the  vicinity  of  Welden  Springs  on  the  bluffs  overlook- 
ing the  Missonri  river  the  common  clay  was  found  occupying 
the  upland  and,  with  the  exception  of  one  hard  red  sandstone 
pebble  which  was  a  doubtful  case,  no  trace  of  northern  erra- 
tics was  found  south  of  the  Dardenne.  In  fact  its  valley  above 
the  immediate  bed  of  the  stream  showed  no  northern  erratics* 
Between  Dutzow  and  Augusta  a  much  eroded  terrace  formed 
mainly  of  rocks  and  rising  from  one  hundred  to  two  hundred  feet 
above  the  Missouri  occurs  and  at  the  latter  place  it  is  more 
than  one  mile  in  width.  No  trace  of  northern  erratics  could 
be  found  underneath  the  loess-like  loam  which  capped  the 
rock  in  some  places  thirty  to  fifty  feet  deep.  The  loam  is  of  a 
yellowish  brown  color  which  is  considered  typical.  At  Saint 
Peters  a  terrace  rising  seventy  to  eighty  feet  shows  not  only 
west  of  the  town  where  it  is  seen  to  be  composed  at  least  for 
the  upper  thirty  feet  of  yellowish  loamy  clay  with  sand  below, 
but  also  southeast  of  the  Dardenne.  The  front  of  the  terrace 
facing  the  Mississippi  runs  parallel  with  the  railroad  to  Elm 
Point  and  just  west  of  St.  Charles  extends  in  a  narrow,  loamy 
ridge  northward,  between  the  present  valleys  of  the  Missis- 
sippi and  Missouri  rivers.  About  one  and  one-half  miles  west 
of  Saint  Charles  its  front  rises  over  one  hundred  and  twenty- 
five  feet  above  the  bottom  to  the  north.  In  the  town  of  Saint 
Charles  the  limestone  bedrock  rises  25  feet  above  the  Missouri 
river.  In  the  west  part  of  the  place  a  small  granite  bowlder 
and  one  of  diorite  three  feet  in  diameter  were  noticed.  One 
hundred  feet  above  the  river  level  is  a  crest  of  loess-covered 
terrace  which  shows  a  thickness  of  twenty-five  to  thirty  feet 
of  chocolate  colored  joint  clay  with  some  pebbles.  At  the 
northeast  corner  of  Perry  street  is  a  good  exposure  fifteen  to 
eighteen  feet  in  thickness  showing  typical  compact,  light  bluff 
loess  with  four  thin  horizontal  layers  of  drab  and  gray  sand ; 
three  of  these  were  in  the  lower  fourth  of  the  exposure.  In  a 
deep  cut  on  the  Wabash  railroad  northwest  of  the  station 
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there  are  ezoellent  ontcrops  of  the  terrace,  of  which  the  fol- 
lowing section  is  representative : 

Section  at  8t.  Ohai  les. 

Feet. 

4.    Loess,  typical,  banded  below  (d  of  figure  22; 11 

3.    Sand,    gray,  stratified,   mnnlng  to  a  thla  edge  toward  the 

north  (c) 4 

2.  Loess,  typical,  light  yellowish  gray,  with  white  pebbles  above; 
opon  the  south  a  pocket  of  gray  sand  three  feet  In  thick- 
ness (b) 22 

1.    Loam,  bright  yellowish,  pebbly  Ca; H 

All  the  layers  dip  slightly   toward  the  west.    They  are 
shown  below  (figure  22). 


Figure  22.    Section  at  St.  Charles,  West  of  Wabash  station. 

Lincoln  County,  The  continnation  of  the  same  general 
relation  of  the  sarfiace  deposits  are  found  as  in  Pike  county 
and  farther  north,  with,  however,  this  important  difference : 
the  ridge  is  well  defined  only  to  a  point  east  of  Whiteside  and 
the  plain  on  the  west  declines  toward  the  east  down  the  valley 
of  the  Onivre  in  a  similar  manner  as  along  Salt  river.  East  of 
Briscoe  well  marked  ^^fiats"  rise  to  a  height  of  800  feet  above 
the  sea  and  the  level  declines  only  a  little  from  that  point  to 
east  of  Troy ;  but  along  the  valley  of  the  Ouivre  the  plain 
slopes  quite  rapidly.  Its  descent  east  of  Owen  is  down  to  a 
level  of  600  feet.  A  very  few  scattered  northern  pebbles  are 
found  in  loamy  clay  as  far  east  as  Old  Monroe. 

Potter  says  that  '^  the  bluff  or  loess  formation  is  exposed 
in  many  parts  of  the  county,  especially  on  the  eastern  border 
where  it  reaches  a  thickness  to  fifty  or  seventy-five  feet.  It 
is  generally  a  dull,  yellow,  ashy  colored  or  even  bright  red 
argillaceous  or  sandy  marl,  imperfectly  stratified  and  when 
weathered  exhibits  a  columnar  structure.    In  the  southeast  it 
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covers  the  rocky  blnflPd  and  forms  the  main  part  of  the  hills  in 
the  valley  of  the  Oaivre  and  along  the  eastern  side  of  a  range 
of  knobs  it  is  well  developed,  giving  character  to  the  soils  and 
rendering  them  among  the  best  in  the  coanty  for  the  produc- 
tion of  frails  and  grains.  West  of  this  range  the  formation  is 
not  so  general  in  its  distribntion  nor  so  fnlly  developed.  *  * 
«  •  •  •  ^0  accnmnlated  deposits  of  trae  drift  material 
were  observed  in  any  part  of  the  county,  though  scattered 
bowlders  were  noted  upon  the  hills  and  in  deep  ravines." 
This  is  important,  because  it  is  the  statement  of  an  independent 
observer.  He  seems,  however,  to  have  overlooked  the  gray  yel- 
lowish loamy  clay  occupyiug  the  western  plain  and  to  have  con- 
fused the  typical  loess  with  a  rearranged  disintegrated  material 
of  the  Hudson  shales  that  constitutes  an  important  part  of  the 
bed-rock  from  Glarksville  southward.  The  so-called  Oap-au- 
Gres  fault  was  examined  to  see  whether  there  was  any  trace 
of  recent  disturbance  affecting  the  quaternary  formations  but 
no  evidence  was  found.  The  loamy  clay  covers  the  opposite 
side  of  the  fault  on  the  same  level.  In  this  county  the  alluvial 
lands  along  the  Mississippi  are  important.  They  are  from  two 
to  three  miles  wide. 

Potter  gives  the  following  sections  that  are  typical : 

Section  of  Bluff  on  Cuivre  River, 

Feet. 

6.  Soil 2Ji 

5.  Clay,  light  graj,  sandy 4 

4.  Moold,  vegetable,  dark  brown  to  black iVz 

a.  Clay,  bluish,  calcareous 2 

2.  Clay,  dark  gray.  Irregularly  stratified B 

1.  Sand,  yellow,  stratified 8 

Section  on  Sandy  Creek. 

Keet. 

5.   Son 2 

4.  rx>am,  light  yellow,  sandy 3  5-6 

H.  Mould,  dark  with  sand,  vegetable l 

2.  Clay,  dark  blue.  In  thin  layers 2 

1.  Sands,  gray  and  brown,  with  stratified  sand 6 

There  are  alluvial  terraces  along  the  Onivre  river,  which 
are  sometimes  quite  prominent. 

Pike  County.  This  district  presents  novel  features.  The 
plain  shown  in  Balls  county  rises  to  the  south  and  extends 
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east  a  little  beyond  the  line  of  the  Saint  Loais  and  Hannibal 
railroad.  The  relation  of  this  plain  to  the  ridge  has  already 
been  referred  to.  Upon  the  ridge,  which  is  now  dissected 
into  knobs  over  a  considerable  portion  of  its  coarse,  no  trace 
of  drift  or  loess  are  fonnd.  (See  plate  xiv.)  The  overlying 
clays  which  are  considered  of  residuary  character  are  quite 
thin.  Along  the  Mississippi  river  drift  material  is  generally 
found  up  to  the  level  of  the  high  terrace  corresponding  to  that 
described  at  Hannibal.  The  eastern  slope  of  the  ridge  is 
driftless  except  in  valleys  which  have  cut  hack  into  the  edge 
of  the  western  plain.  Along  these  a  few  northern  erratics  are 
found  mingling  with  abundant  chert  pebbles.  Noix  creek  has 
cut  back  into  the  edge  of  the  plain  near  Bowling  Green.  Its 
northern  branch  has  similar  relations.  I^ear  the  junction  of 
these  streams  is  a  deep  accumulation  of  modified  drift.  A 
good  exposure  occurs  north  of  the  school  house : 

Section  on  Noix  Creek. 

Feet. 
5.    Loam,  loess -like 8 

•*.  Gravel,  coarse 3 

».  Sandstone,  rusty 10 

2.  Till,  brown  or  rusty  yellow 22 

1.  Till,  blue,  top  very  level  and  well  deflned,  not  differing  from 

layer  above  except  In  color G 

The  basal  member  contained  two  or  three  small  northern 
erratics  near  the  base.  The  darkening  in  color  of  the  till  may  be 
the  result  of  the  higher  level  of  the  adjacent  stream  and  the 
northern  erratics  may  possibly  have  been  incorporated  with 
the  till  during  time  of  flood  at  a  comparatively  recent  stage, 
although  they  seem  to  be  intimately  connected  with  it.  Washes 
from  other  streams  toward  the  edge  of  the  plain  exhibited 
occasional  northern  erratics.  In  a  cut  just  east  of  Bowling 
Green  the  following  section  is  presented  : 

Section  East  of  Bowling  Green. 

Feet. 
:^.    Clay,  whitish,  loamy 5 

2.  Clay,  reddish  brown 6 

1.    Clay,  yellowish  rusty,  with  many  pebbles  and  some  northern 

bowlders IS 

The  lines  of  separation  between  the  different  numbers  are 
horizontal  for  a  considerable  distance.    The  bedrock  rises  to 
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within  a  few  feet  of  the  bottom  of  the  section.  Along  the  west 
side  of  the  abrapt  ridge  east  of  McCane  the  edge  of  the  drift 
is  sharply  defined. 

Namerons  bowlders  appear  within  a  few  rods  on  one  level 
forty  feet  below  the  top  of  the  ridge,  while  above  that  line  not 
not  a  northern  pebble  is  foand.    (See  figare  23.)    Boath  of 
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Flgrure  23.  Section  at  McOune,  Pike  County. 

Bowling  Oreen,  the  cats  are  a  repetition  of  the  formations 
shown  at  that  point, as  far  as  Edgewood.  Between  Edgewood 
and  Kissinger  a  similar  abrapt  ending  of  the  drift  is  foand  on 
the  west  side  of  a  high  knob  jast  northeast  of  first-mentioned 
place. 

Beyond  the  ridge  the  area  is  perfectly  driftless  and  no 
northern  erratics  are  foand  except  a  few  in  the  valleys  of  the 
streams  which  cat  back  into  the  apland. 

Audrain  County.  Lying  apon  the  divide  between  the  Mis- 
soari  and  the  Mississippi  rivers  this  district  presents  fine 
examples  of  the  ''flats"  of  the  apland  surface  which  has  a  gentle, 
slope  toward  the  northeast.  West  of  the  town  of  Mexico 
across  Davis  creek  a  railroad  cat  shows  a  section  as  follows  : 

Section  West  of  Mexico. 

Feet. 

4.    Son 2 

3.    Clay,  light  gray  2 

2.    Stratum,  dark  colored,  wltb  the  top  even  and  well  defined 1 

1.    Clay,  whitish  gray,  with  small,  shot -like  concretions,  without 
fossils 8 
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The  dark  Btratam  resemblea  that  at  Bosworth  both  in 
appearance  and  position.  A  little  farther  east  ander  the  lighter 
gray  olay,  which  there  shows  small  qaarlrite  pebbles,  is  arasty 
clay  with  pebbles  which  is  exposed  to  a  depth  of  two  feet.  At 
the  same  level  there  occurs  a  few  noithern  bowlders  and  a  few 
blotched  limestone  blocks  three  feet  in  diameter  showing  striae 
foar  to  five  inches  long.  The  level  of  these  bowlders  is  aboat 
thirty  feet  below  the  upland  surface.  In  the  western  part  of 
the  town  several  feet  of  typical  yellowish  and  bluicih  till  has 
been  exposed  in  the  digging  of  cisterns.  In  this  till  occur 
many  northern  pebbles,  some  of  them  striated  but  none  of 
distinctly  local  origin.  The  deposit  is  at  least  ten  feet  in  thick- 
ness. Along  the  west  side  of  the  Beaver  east  of  the  town 
drab  pebbly  clay  ten  to  twelve  feet  thick  is  exposed,  which  is 
doubtless  a  continuation  of  the  same  sheet  of  till.  Its  base  is 
thirty  feet  below  the  general  level.  Northwest  of  the  town  on 
the  surface  of  the  limestone,  and  about  the  same  distance  be- 
low the  flat  upland  surface  several  granite  bowlders  one  to  two 
feet  in  diameter  occur. 

Monroe  County.  It  presents  features  similar  to  those  of 
the  surrounding  counties.  The  upland  level  rises  above  eight 
hundred  feet  on  the  southwest  comer  and  over  most  of  the 
county  it  lies  nearly  seven  hundred  feet.  The  valley  of  Salt 
creek  sinks  below  to  five  hundred  feet  at  the  east  line  of  the 
county.  The  high  bluffs  are  composed  chiefly  of  Oarbonifer^ 
ous  strata.  A  considerable  extent  of  the  terrace  shows  near 
the  junction  of  the  branches  of  Salt  creek. 

Ralls  County,  The  general  slope  of  the  upland  level  con- 
tinues from  Monroe  county  with  slight  declination  to  the  east 
along  the  valley  of  Salt  river.  Before  it  reaches  the  Missis- 
sippi it  abuts- against  a  high  ridge  of  limestone,  which  rises  per- 
haps one  hundred  feet  above  it.  This  ridge  begins  southwest 
of  Hannibal  and  continues  parallel  with  the  Mississippi  river 
through  Pike  county  into  Lincoln.  Through  this  Salt  river 
cuts  a  narrow  gorge,  perhaps  two  miles  in  width  at  its  nar- 
rowest  which  is  a  little  west  of  the  Mississippi  river.  From 
that  point  it  widens  toward  the  west.    The  altitude  of  the  up- 
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land  level  joining  this  ridge,  is  in  the  neighborhood  of  750  feet 
toward  the  north  and  from  there  it  rises  less  abraptly  toward 
the  south  where  it  is  over  850  feet 

Marion  County,  Swallow  has  given  an  extended  descrip- 
tion of  the  surface  formations  of  this  county.  He  says  ''  that 
the  blaff  or  loess  with  its  nsaal  rich,  silico-argillaceoas  marl, 
famishes  at  once  the  materials  for  invaluable  subsoil  and  an 
excellent  brick.  In  some  places  it  becomes  more  argillaceous 
and  famishes  a  subsoil  too  retentive  of  water ;  in  other  posi- 
tions and  particularly  over  the  micaceous  sandstone  it  becomes 
too  arenaceous  to  furnish  a  first  rate  soil — small  portions  only 
in  the  northwestern  part  are  thus  affected.  «  «  «  «  «  Its 
thickness  is  variable — in  some  places  thirty  feet.  «  «  «  « 
The  drift  is  seen  everywhere  under  the  bluff  formation  and 
the  materials  are  much  finer  than  usually  in  the  north  part  of 
the  state."  Underneath  the  drift  a  pipe-clay  is  recognized ; 
this  '4s  a  bluish,  white  plastic  clay.  Its  color  seldom  varies 
to  a  yellowish  tinge.  It  contains  little,  if  any,  foreign  materiaL 
It  is  not  so  abundant  as  the  last  two  formations.  Its  thick- 
ness is  often  four  feet.  I^o  fossils  has  been  found  in  it  and  it 
is  doabtful  whether  it  belongs  to  the  drift  period."  This  evi- 
dently corresponds  to  the  lower  gray  clay  found  near  Macon 
and  Higbee.  The  loess  at  Palmyra,  where  it  is  diminished  by 
erosion,  is  rarely  over  ten  feet  thick  and  the  northern  bowlders 
form  an  inconsiderable  constituent  of  the  very  shallow  drift 
upon  the  uplands.  Observations  made  around  Palmyra  and 
upon  the  bluffs  south  and  southwest  of  Hannibal  at  an  alti- 
tude of  two  hundred  and  fifty  to  three  hundred  feet  above  the 
river,  showed  that  west  of  the  latter  place  for  a  distance  of 
two  or  three  miles  is  high  terrace  composed  usually  of  modi- 
fied drift.  Its  altitude  is  about  one  hundred  and  fifty  feet 
above  the  river.  The  following  sections  were  taken  in  its 
upper  portion : 

Section  West  of  Hannibal. 

Feet. 

6.    Slope,  mostly  loess- like  loam 15 

5.    Silt,  whitish >2 

4.    Clay ,  reddish  brown 6 
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Feet. 
B.    Grave],  dividing  to  the  northwest  Into  three  layers  with  clay 

between  and  thickening V 

2.  Clay,  reddish,  pasting  Into  reddish  sand,  or  gray  sand,  very  tine     H 

1.  Gravel,  top  coarse,  varying  from  fine  to  pebbles  ten  to  twelve 

Inches  In  diameter,  nearly  all  chert 10 

Section  West  of  Hannibal,  No.  Q. 

Feet. 

♦).    Gravel,  coarse S 

5.    Sand,  Interstratined.  gravelly  15 

4.    Sand,  plastic 15 

3.  Gravel,  obliquely  stratified 6 

2.  Hand,  following  the  uneven  bottom  of  bed  above 5 

1.  Sand,  gray,  very  fine,  the  whole  occupying  an  exposed  vertical 

front  near  by ,  of  40  feet 4 

Farther  west  the  lower  portion  of  the  terrace  gravel  con- 
tains northern  bowlders,  bat  the  main  mass  is  composed  of 
chert  with  some  limestone.  Northern  bowlders  occnr  nearly 
up  to  the  level  of  this  high  terrace  on  the  soath  side  of  the 
creek.  Swallow  fignres  a  ridge  sontheast  of  Palmyra  which  he 
thinks  resembles  a  moraine.  It  appears  more  like  a  portion 
of  this  high  terrace  which  has  been  separated  from  the  higher 
side  of  the  valley  by  erosion. 

Shelby  County.  Broadhead  reports  that  thronghoat  the 
connty  the  loess  is  foand  lying  on  the  hills  jnst  beneath  the 
soil  with  a  brownish  bnfF,  stiff,  jointed  clay  with  dark  strains 
which  often  has  many  small  roanded  pebbles  at  the  lower  part. 
He  gives  the  following  section  north  of  Lakenan  (Tp.  57  N.,  R. 
IX  W.,  Sec.  21,  Sw.  qr.) : 

Section  North  of  Lakenan. 

Feet 
H.    Soil,  dark  S 

2.  Clay,  reddish,  brown,  jointed,  sandy,  small  rounded  pebbles  .      7 
1.    Clay,  like  the  last,  but  pebbles  larger,  more  numerous 8 

A  well  at  Hannewell  passed  fifty  feet  through  '^blnff  de- 
posit." This  is  supposed  to  be  about  its  greatest  thickness 
in  this  county.  Broadhead  also  describes  the  following  sec- 
tion observed  on  Black  creek  south  of  Shelbyville : 
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Section  South  of  Shelbyville. 

Feet. 
5.    Loess,  hard,  stiff.  Jointed,  siliceous,  color  brown  and  drab  or 

bluish,  variegated,  has  brown  and  black  stains,  the  black 
stains  seem  especially  to  occupy  the  places  formerly  occu- 
pied by  roots;  also  contains  soft  ferruginous  concretions, 
brownish  on  the  outside,  blacif  within II 

4.  Clay,  finely  pulverized,  drab,  sandy 3 

8.  Clay,  like  the  last,  but  whiter,  and  presents  more  the  appear- 
ance of  stratification,  some  portions  quite  sticky,  others 
seem  to  be  almost  entirely  sand  5 

2.  Sand,  mostly  brown,  formed  In  great  part  of  coarse  sand  and 
coarse,  rounded,  quartzose  pebbles,  semi  cemented  w^lth  fer- 
ruginous matter;  has  the  app  arance  of  stratification  and 
hardens  on  exposure    7 

1.  Sand  and  clay,  alternation  of  beds;  the  clay  olivine  brown  and 
stratified,  containing  small  rounded  pebbles,  together  with 
hardened  blue  clay,  also  rounded  pebbles,  at  the  bottom  He 
darker  bowlders  of  greenstone,  (luaitzlte  and  Ironstone 11 

^'Between  North  river  and  Ti/s^er  fork  small  roanded  peb- 
bles occar  a  few  laches  from  the  sarface,  sometimes  directly 
on  the  sarface." 

Lewis  County.  The  deposits  are  esseatially  the  same  as  in 
Clark  on  the  north  and  Marion  on  the  sonth.  The  general 
slope  of  the  upland  sarface  is  eastward  and  the  blafFs  on  the 
Mississippi  river  form  a  maral  escarpment  which  is  capped  by 
drift.  The  latter  is  rather  thin,  often  not  more  than  a  dozen  feet 
in  thickness.  In  the  interior  the  sarface  deposits  are  thicker 
bat  probably  they  do  not  exceed  50  feet. 

Knox  County,  Exposures  are  not  abandant ;  bat  they  are 
safficient  to  clearly  indicate  that  the  qaaternary  deposits  differ 
in  no  essential  respects  from  those  of  the  adjoining  districts. 

Clark  County.  The  asaal  features  are  presented  of  the 
upland  plain  generally  sloping  to  tbe  east  with  the  valleys  and 
the  streams  cut  down  about  one  hundred  and  fifty  feet  below 
it.  From  the  railroad  cuts  in  tbe  vicinity  of  Revere  the  fol- 
lowing section  is  obtained,  the  upl^id  level  being  seven  han- 
dred  feet  above  the  tide  level : 

Section  near  Revere, 

Feet. 

7.    Soil,  slope 2 

«.    Loess 4 

5.  Clay,  dark  greenish ..      6 
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Feet. 
4     Clay,  whitish 3 

3.  Till,  yellow,  sandy  above,  gray  aad  drab  below 20 

2.  Unexposed 45 

1.  Sandstone 6 

On  the  south  side  of  the  North  fork  of  the  Fox  river,  in  a 
railroad  oat  the  section  is  : 

Beotion  on  North  Fork  of  Fox  River. 

Feet. 

6.  Soil 1 

4.  Clay,  whitish,  the  upper  half  somewhat  dark 4 

3.  Gravel  and  sand,  rusty  below 4 

2.  Sand,  whitish l^a 

1.  Till,  rusty 4 

This  constitates  a  terrace  of  Fox  river,  its  top  being  be- 
ing between  25  and  30  feet  above  the  water  level.  On  the 
sonth  side  of  the  stream  there  are  six  inches  of  gray,  pebbleless 
clay  similar  to  that  fonnd  west  of  Macon  nnder  the  till.  Over 
the  till  so  far  as  observed  in  this  connty  are  fonnd  a  few  inches 
of  washed  gravel  as  though  its  sarfaoe  had  been  eroded  before 
the  deposition  of  the  loamy  clay.  The  top  of  the  hill  on  the 
apland  is  qnite  uniformly  horizontal,  as  is  also  that  of  the  dark 
day  above  it.  Shumard  states  that  the  bluff  formation  is 
present  over  the  apland  prairie  and  also  over  a  large  portion 
of  the  timber  lands.  In  the  west  tier  of  townships  it  com- 
pletely conoi^als  the  older  formations  from  view.  From  a  well 
near  Ohambersburg  (Tp.  66  N.,  B.  YII  W.),  on  a  high  prairie  he 
obtained : 

Section  near  Ohambersburg, 

Feet. 
8.    Sou,  m9uld,  dark,  vegetable 3 

7.  Clay,  blue,  subsoil    3 

6.    Clay,  tough,  yellow 16 

5.  Clay,  areaaceoui,  containing  small  rounded  pebbles  and  scales 

of  mica 16 

4.  Clay,  dark  and  sand l 

3.  Clay,  ferruginous  and  ash  colored,  with  masses  of  ochre 3 

2.  Sand,  coarse,  containing  pebbles  and  bowlders  of  granite  and 

sandstone 4 

X.    Clay,  tough,  yellow i 

Near  the  Iowa  line  (Tp.  67  N.,  R.  VIII  W.,  Sec.  16)  he  re- 
ports a  well  sunk  to  a  depth  of  80  feet,  of  which  75  feet  were 
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tbroosh  alternations  of  white,  yellow  and  bine  clay  and  sand, 
and  five  feet  was  in  a  bowlder  fonnatioa  oonsiBtlng  of  beds  of 
pebbles  and  bowlders,  obiefly  greenstone.  He  remarks  that 
tlie  blaff  formatioQ  of  this  ooanty  is  more  argillaceons  than 
elsewhere  in  the  state  and  tbat  bowlders  are  freqoently  met 
with  font  to  five  feet  In  diameter  aad  that  they  consist  chiefly 
of  greenstone,  porphyry  and  several  varieties  of  granite. 

The  drift  attwne  an  onosaal  thickness  in  the  eastern  part 
of  the  coaoly  beyond  the  rook  escarpment  of  the  Mississippi 
river.  It  fills  an  old  channel  of  that  stream  which  reaches 
fally  150  feet  below  the  present  floodplain  in  the  connty.  The 
old  channel  ooonpled  the  entire  distance  between  the  walls  of 
the  present  rook  gorge  which  is  in  the  neighborhood  of  a 
dozen  miles  in  width.  The  relations  of  the  old  gorge  and  the 
new  one  as  shown  just  beyond  the  state  limits  is  represented 
in  the  aooompanying  section   [  figure  24 )  oonstrneted  by  Gor- 


riKure^l'    Gorge  of  tbe  Mississippi  at  Keokak. 

don.*  The  western  side  of  the  old  gorge  coincides  approxi- 
mately with  the  rock  escarpment  of  to-day.  On  the  north  side 
of  the  Des  Moines  river  the  limestones  rise,  near  the  month  of 
the  stream  and  also  above  St.  Francisville,  to  a  height  of  over 
100  feet  above  the  water  level,  bat  for  a  distance  of  eight  or 
ten  miles  between,  no  rock  appears  above  water  level  and  this 
is  the  position  ocoopied  by  the  old  channel.  The  sands  and 
till  here  rise  to  a  height  somewhat  greater  than  the  indurated 
rock  surface  forming  the  gorge  of  the  Des  Moines  so  that  the 
total  thickness  of  the  drift  deposits  filling  the  old  excavation 
of  the  Mississippi  cannot  be  far  from  260  feet. 

On  the  west  Bide  of  the  present  bottom  lands  and  extend- 
ing BOathward  from  St.  Francisville  half  a  dozen  miles  or  more 

•Iowa  Grol,  Sur.  toI.  hi,  p.  MS,  1891. 
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in  a  broad  belt  i8  a  well  marked  sand  terrace  which  is  40  to  50 
feet  above  the  general  level  of  the  snironnding  floodplain. 

Scotland  County.  The  loess  is  comparatively  thin  and 
rarely  attains  a  thickness  of  more  than  ten  or  a  dozen  foot; 
nsnally  it  is  much  less,  and  in  sinking  wells  it  may  escape  notice 
altogether.  As  a  rale  it  is  very  light  colored  and  contains 
namerons  concretions.  The  till  has  a  very  considerable  thick- 
ness and  the  indarated  rocks  are  rarely  exposed  beneath  it. 
There  are  two  characteristic  phases ;  the  upper  or  yellow  clay 
and  the  lower  or  blae  clay.  They  merge  into  each  other  within 
a  distance  of  two  or  three  feet.  There  are  included  in  the 
clays,  sand  and  gravel  which  often  form  lenticular  beds  of  con- 
siderable extent.  The  bowlders  and  pebbles  contained  are 
chiefly  greenstone  and  quartzite  with  an  occasional  one  of 
granite,  porphyry,  diabase  and  gneiss.  Sandstone  fragments, 
dark  colored  and  ferruginous,  are  occasionally  found.  They 
are  manifestly  of  Oretaceous  origin  and  they  contain  charac- 
teristic fossils — shark's  teeth,  gasteropod  shells  and  belem- 
nites.* 

Schuyler  County.  This  district  does  not  appear  to  be 
covered  by  loess;  and  the  drift  is  one  hundred  feet  or  more 
in  thickness. 

Putnam  County.  According  to  Broadhead  ''the  drift  is 
especially  thick,  varying  from  fifty  to  at  least  seventy-five  feet 
or  more.  Large  and  small  bowlders  of  syenite,  granite^ 
quartz,  quartzite.  greenstone,  and  quartz  with  tourmaline,  hem- 
atite, copper  and  smaller  grains  of  gold  are  found  in  this  form- 
ation. The  bowlders  exhibit  planing  and  parallel  scratches.'^ 
Winslow  states  'Hhat  the  distribution  of  coal  in  this  county  is 
noticeably  restricted  in  the  western  portion  by  the  erosion  of 
a  pre-glacial  drainage  system  which  is  now  hidden  by  thick 
accumulations  of  glacial  drift.  Evidences  of  a  buried  chan- 
nel are  found  in  the  mines  at  Mendota.  At  Rowland  some 
four  miles  to  the  south  a  shaft  drill-hole  was  sunk  to  a  depth 
of  i64  feet  in  clay  and  other  glacial  material.  At  Union ville 
over  two  hundred  feet  of  similar  material  was  penetrate  by  a 

*  Keyes,  communicated,  1899. 
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shaft.  Here  as  ia  the  preceding  case  rocks  were  reached 
iDQch  below  the  level  of  the  Mendota  coal.  At  Lacerne 
aboat  fifteen  milles  west  of  Union ville,  a  hole  was  drilled  to  the 
depth  of  185  feet  and  no  coal  was  encountered.  This  pre- 
glacial  trongh  is  probably  continnons  with  channels  which 
have  been  noted  in  Appanoose  county,  Iowa." 

Sullivan  County.  Broadhead  says  that  no  loess  exists. 
East  of  Boynton,  at  an  altitude  of  about  1050  feet,  the  drift 
pebbles  appear  within  three  feet  of  the  surface.  The  follow- 
ing sections  are  given : 

Section  East  of  Humphrey. 

Feet. 

8 .    Soil 1 

2.  CJay,  yellow,  jointed  6 

1.  Clay,  iilue,  with  yellow  clay,  sand  and  gravel  at  the  bottom 12 

Section  of  Well  at  Milan. 

Feet. 

3.  Clay,  yellow 16 

2.  Sand ,  coarse 4 

1.    Clay,  dark  blue,  Jointed,  with  dark  r)lue  clay  and  bowlders 9 

A  granite  bowlder  was  observed  near  Beardstown,  12  feet 
high,  25  feet  long  and  14  feet  across  the  top.  This  was  of  red 
granite.  The  section  at  Milan  is  in  a  valley  and  therefore  is 
not  representative  of  the  older  drift. 

Adair  County.  Broadhead  states  that  "In  the  eastern 
part  the  drift  is  deeply  strewn  over  the  whole  surface,  entirely 
concealing  all  solid  rock  formations.  It  is  also  found  in  a  deep 
deposit  in  the  west,  but  the  wearing  of  the  stream  channels  has 
left  exposed  along  their  margins,  and  frequently  on  hill  sides 
above,  the  sandstones  and  limestones  of  the  coal  measures. 
On  the  barrens  in  the  southern  part  of  the  county  beds  of 
drift  containing  rounded  pebbles  are  often  at  the  surface  and 
hence  the  poor  character  of  the  soil.  The  bowlders  consist  of 
granite,  syenite,  greenstone,  jasper,  quartz,  agate  and  limestone." 
The  lower  beds  of  the  drift  sometimes  contain  masses  of 
leaves,  sticks  and  bark  in  connection  with  blue  clay  or  sand 
and  gravel.    Such  deposits  are  found  sometimes  as  much  as 

0—12 
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while  the  lower  90  feet  was  in  blae  clay  coDtaining  rock  frag> 
ments  at  the  bottom.  The  last  is  evidently  an  exceptionally 
deep  deposit  and  possibly  shoald  be  connected  with  the  evi- 
dence of  pre-glacial  channels  noted  in  the  coanties  north. 

Linn  County.  The  drift  is  at  least  eighty  feet  thick.  This 
includes  several  feet  of  loamy  clay.  In  one  of  the  St  Katherine 
coal  shafts,  140  feet  below  the  surface,  quicksand  was  encoun- 
tered which  flowed  so  rapidly  into  the  mine  as  to  cause  its 
abandonment.  This  would  indicate  the  presence  of  a  pre- 
glacial  channel  which  has  been  noted  farther  north  in  Sullivan 
county  and  also  in  Putnam.  It  apparently  follows  southward 
in  a  direction  corresponding  to  the  present  stream. 

Livingston  County.  The  surface  of  this  county  is  much 
eroded  and  the  loess  has  been  largely  removed.  Drift  clays 
have  been  found  in  the  bottom  of  a  deep  cut  along  the  railroad 
between  Ghillicothe  and  Grand  river.  West  of  Sampsell  near 
the  county  line  is  a  conspicuous  hill  of  gravel  which  rises  per- 
haps fifty  feet  above  the  floodplain  of  the  Grand  river.  It  is 
excavated  for  ballast  for  the  railroad.  It  remains  to  be  found 
whether  it  is  the  work  of  a  sub-glacial  or  circnmglacial  stream 
or  that  of  Grand  river  during  the  time  of  the  formation  of  the 
high  terrace. 

Daviess  County.  Unusually  good  exposures  of  the  surface 
deposits  are  presented  in  the  valley  of  the  Grand  river  from 
Gallatin  to  Altamont.  The  Carboniferous  rocks  with  very  un- 
even surface  rise  150  feet  or  more  above  the  level  of  the  stream 
and  upon  them  are  deposited  several  feet  of  till  with  numerous 
northern  bowlders.  A  section  between  Gallatin  and  the  high- 
land shows  from  50  to  75  feet  of  grayish  loamy  clay,  usually 
reddish  and  blotched  with  yellow  below,  and  shading  into  five 
to  fifteen  feet  of  reddish  brown  pebbly  clay.  At  Winston  in 
sections  of  wells  appear : 

Section  at   Winston. 

Feet. 

4.    Clay, yellow 12 

3.    Clay,  blue,  with  wood  and  charcoal 12 

2.    Sand 2'3 

1.    Clay »  blue,  and  sand  In  which  water  Is  obtained 20 
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Orundy  County.  The  drift  deposits  are  essentially  the 
eame  as  in  Sallivan  county,  except  that  no  such  great  thick- 
ness has  been  observed. 

Mercer  County,  The  quaternary  formations  are  in  no  way 
peculiarly  different  from  those  in  the  adjoining  districts. 

ALLUVIAL  DEPOSITS  OF  PRESENT  STREAMS. 

It  is  not  intented  to  treat  of  this  subject  exhaustively,  but 
to  discuss  the  material  in  hand  which  has  been  derived  chiefly 
from  personal  observations  and  from  the  work  of  the  special 
Commissions  of  the  Missouri  and  Mississippi  rivers.  Efforts 
will  be  made  first,  to  discover  the  circumstances  which  deter- 
mined the  course,  width  and  depth  of  the  river  valleys ;  and 
49econd  to  trace  the  history  of  the  watercourses  during  quat- 
ernary times. 

MISSOURI  BIVflB. 

In  general  this  stream  presents  the  most  remarkable 
features  of  all  drainage-ways  in  the  state.  Moreover,  its  inti- 
mate connection  with  the  general  subject,  as  well  as  its  inclusion 
of  the  greatest  area  in  the  state,  demands  for  it  first  considera- 
tion. It  begins  to  form  the  boundary  of  the  state  at  the  north- 
west corner  and  continues  to  the  middle  portion  where  it 
enters  at  Kansas  City.  The  depth  of  its  valley  below  the 
average  upland  level  varies  somewhat  in  its  course.  These 
variations  will  be  found  to  correspond  to  the  geological  forma- 
tions in  a  significant  manner. 

Width  of  Trough.  Prom  Watson  to  Forest  City  the  valley 
between  bluffs  is  from  four  to  twelve  miles  in  width.  From 
Forest  City  to  Saint  Joseph  it  is  considerable  narrower,  being 
rarely  more  than  four  miles  in  width  and  in  some  cases  not 
more  than  three  miles.  A  similar  narrowing  of  the  valley  con- 
tinues to  Parkville  where  it  widens,  with  the  bottom  land 
mostly  upon  the  north  side.  This  width  gradually  increases 
until  at  Grand  Pass  and  in  southern  Carroll  county  the  fiood- 
plain  is  eight  to  ten  miles  broad.  It  then  narrows  again  so 
that  opposite  Miami  above  the  mouth  of  Grand  river  it  is  barely 
three  miles  from  bluff  to  bluff.    As  it  receives  the  Grand  and 
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Chariton  rivers  the  bottom  land  greatly  widens  again  so  that 
opposite  New  Frankfort  it  is  over  eight  miles  in  width. 
Opposite  Lisbon  the  immediate  valley  is  restricted  to  aboat 
two  miles ;  then  it  broadens  oat  at  Boonville  to  three  miles ; 
and  becomes  narrow  at  Eocheportf  where  the  lower  Garboni- 
ferons  limestone  begins  to  form  cliffs  which  attain  the  height 
of  250  feet  above  the  water  level.  The  river  from  this  point 
flows  through  a  gorge  which  rarely  attains  a  width  of  more 
than  three  miles  between  the  maral  walls  on  either  side,  until 
at  Saint  Oharles  where  it  joins  with  the  broad  floodplain  of 
the  Mississippi,  when  it  has  a  width  of  abont  six  miles. 

Depth  of  Trough.  The  heights  of  the  blaffs  exhibit  similar 
variations  as  the  width  which  are  in  part  the  result  of  the  same 
causes,  namely,  the  relative  ease  of  erosion  of  different  geolo- 
gical formations  and  in  part  to  the  age  of  the  valley  of  which 
there  is  reason  to  conclude  may  be  different  indifferent  places. 
Above  Forest  Oity  the  occurrence  of  rocky  bluffs  is  infrequent 
upon  the  east  side,  while  upon  the  west  they  do  not  often  rise 
above  fifty  feet,  though  the  depth  below  the  average  upland 
level  is  fully  300  feet.  At  Forest  Oity  the  bluffs  upon  the 
north  increase  in  height  in  some  places  to  more  than  100  feet, 
while  from  Saint  Joseph  to  Parkville  natural  exposures  of  rock 
appear  as  high  as  230  feet  above  the  stream.  To  understand  the 
reason  for  these  features  it  is  necessary  to  know  that  the  pre- 
valent rock  of  the  region,  the  Upper  Oarboniferons,  dips  gently 
to  the  northwest  and  that  towards  the  southeast,  it  includes  more 
compact  limestone.  As  has  been  already  indicated,  from  Kan- 
sas Oity  to  Eocheport  frequent  examples  appear  of  a  high 
loess-covered  terrace ;  and  it  will  be  readily  understood  that 
the  main  walls  of  the  valley  lie  outside  of  this  terrace  and  that 
in  alluding  to  the  width  of  the  valley  reference  is  made  to  the 
width  of  the  alluvial  deposits  of  the  lower  bottom  land  only. 

At  Independence  the  first  approach  of  the  limit  of  the  loess 
and  the  consequent  extent  of  the  highland  to  the  south  ap- 
pears. The  southern  escarpment  of  the  river  at  that  point  is 
imposing  and  rises  to  a  height  within  a  short  distance  of  the 
stream  of  350  feet.    A  similar  ridge  approaches  the  river  a 
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little  west  of  Lexington  where  a  like  height  occars.  Most  of 
the  way  from  Kansas  City  to  Eocheport  the  depth  of  the  valley 
is  considerable  less  than  300  feet.  At  the  latter  point  again 
where  the  prominent  beds  of  the  Lower  Garboniferoas  affect 
the  stream  both  sides  of  the  river  rise  sharply  250  feet,  with 
elevations  not  far  away  of  350  feet.  This  general  relation  of 
350  feet  below  the  average  upland  level  continues  to  the  vicinity 
of  the  divide  between  the  Osage  and  Gasconade  rivers  near 
Portland,  where  points  400  feet  to  450  above  the  river  occur. 

Below  the  mouth  of  the  Gasconade,  while  the  lower  valley 
or  alluvial  valley  remains  narrow,  the  higher  points  of  the  hills 
become  lower  near  the  valley  especially  upon  the  north  side. 
This  appears  opposite  Hermann  and  more  distinctly  in  the 
vicinity  of  Dutzow.  It  is  too  high  and  rocky  to  correspond 
with  the  high  terrace  before  outlined.  The  northern  side  of 
this  valley  is  marked  with  rocky  points  eqoal  in  altitude  with 
those  south  of  the  river.  This  north  line  is  a  mile  or  two  from 
the  river  channel.  The  north  bank  of  the  old  valley  disappears 
near  Gottleville  where  it  joins  the  Dardenne.  From  that  point 
to  the  Mississippi  the  valleys  of  the  Dardenne  and  Missouri 
seem  originally  to  have  been  confluent.  On  the  south  side  of 
the  river  the  higher  bluffs  decline  in  elevation  east  of  Wash- 
ington and  are  quite  low  as  far  as  Labadie  where  the  valley-like 
col  passes  over  the  divide  to  the  Meramec  river  with  a  maxi- 
mum altitude  at  Grays  Summit  of  less  than  200  feet  above  the 
Missouri  river,  while  immediately  east  of  the  valley  the  massive 
rocks  of  the  Lower  Silorian  rise  in  a  bold  escarpment  to  a 
height  of  350  feet  or  more.  They  continue  with  slight  declina- 
tion  as  far  east  of  Centaor  but  lose  their  conspicuous  character 
before  they  reach  Greve  Coeur  lake.  Farther  east  the  rock  in 
cliffs  next  the  river  appears  very  much  lower. 

Trough  Below  Water  Level,  It  is  fortunate  that  the  annual 
reports  of  the  Missouri  Eiver  Commission  have  recorded  in 
detail  sections  of  all  important  borings  for  railroad  bridges  and 
other  purposes  along  the  stream.  These  observations  have 
been  tabulated  from  the  data  given  below.  The  significant 
facts  brought  out  are  : 
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1.  That  within  the  bonndaries  of  the  state  the  bedrock 
lies  nowhere  more  than  100  feet  and  asaally  less  than  60  below 
the  low  water  mark.  It  varies  naturally  with  the  hardness  of 
the  rock. 

2.  The  rocky  boundary  of  the  trough  is  quite  even  and 
usually  deeper  toward  the  center  of  the  present  alluvial  valley, 
with  occasional  shelfs  at  higher  levels  near  the  present  cliffs. 

3.  The  material  tilling  the  trough  excavated  in  the  rock 
is  generally  sand  and  gravel  below  low  water  mark.  At  other 
sections  beds  of  clay  appear  usually  of  irregular  form  and  of 
comparatively  thinness. 

4.  Next  to  the  bedrock  the  material  is  frequently  much 
coarser  as  should  be  expected  and  bowlders,  a  few  feet  in 
diameter,  are  reported  sometimes  in  the  beds  of  sand  and  at 
other  times  in  clay.  As  this  point  has  an  important  bearing 
upon  the  relation  of  the  river  trough  to  the  glacial  period  some 
of  the  data  reported  and  suggestions  that  have  been  made  by 
the  engineers  in  especial  cases  where  supposed  glacial  deposits 
have  been  thought  to  exist  will  be  described  at  length. 

Cross- Sections  of  the  Trough.  The  section  at  Saint  Gharles 
is  one  of  the  oldest  and  also  one  whose  deposits  have  been 
referred  most  definitely  to  glacial  origin.  One  report  mentions 
a  layer  of  bowlders  twenty-one  feet  in  thickness  interspersed 
with  sand  strata  from  6  to  18  inches  in  thickness.  '^The 
bowlders  are  of  every  variety  of  rock  found  west  to  the  sum- 
mit of  the  Rocky  mountains  "  *  Gooley  says :  "  At  a  depth  of 
40  to  60  feet  from  top  of  bank  there  appears  to  be  a  scour 
limit  in  the  shape  of  a  clayey  bowldery  stratum  of  unknown 
thickness  which  thins  out  and  is  superimposed  on  the  rock 
near  the  bluff.  The  rocky  profile  near  the  bluff  gradually 
slopes  and  is  often  exposed  a^i  low  water."  It  is  upon  this 
that  the  piers  of  the  bridge  at  Saint  Gharles  rest  and  is  the 
limit  of  most  of  the  borings  which  have  been  made  in  that 
vicinity.  It  is  known  that  northern  erratics  occur  in  the  base 
of  the  high  terrace  near  Saint  Gharles  which  has  already  been 
described,  but  these  have  nowhere,  below  the  mouth  of  the 

♦  Van  Noslrand  Kng.  Maj?.,  vol   v,  pp.  iTs-is;. 
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Osage,  been  foand  more  than  80  or  100  feet  above  the  stream 
and  nsnally  within  30  feet.  The  northern  bowlders  are  mach 
less  abundant  than  above  the  mouth  of  the  Osage.  Moreover, 
when  the  abundance  of  chert  bowlders  is  considered  which 
have  been  contributed  to  the  Missouri  from  the  lower  Carboni- 
ferous and  older  rocks  in  the  vicinity  it  seems  very  probable 
that  this  bowldery  stratum  instead  of  being  formed  mainly  from 
the  Becky  mountains,  is  mainly  if  not  entirely  a  local  de- 
posit. It  will  be  noticed  by  comparing  the  Saint  Charles 
section  with  others  along  the  river  that  the  depth  of  the  true 
bed-rock  may  not  be  greater  here  than  elsewhere.  One  section 
makes  it  70  feet  below  low  water. 

Sibley  is  another  locality  where  distinct  reference  has 
been  made  to  glacial  deposits  and  the  statement  is  made  that 
the  bridge  is  located  on  a  glacial  moraine  which  seems  to  have 
protected  the  bed-rock  from  abrasion  at  this  point,  and  further 
that  the  moraine  at  the  bridge-site  contains  bowlders  of  foreign 
rock,  such  as  granite  and  porphyry,  which  are  not  found  in 
their  native  beds  for  several  hundred  miles  from  the  bridge. 
From  personal  examinations  it  must  be  said  that  northern 
bowlders  abound  in  the  lower  portions  of  the  high  terrace 
which  lies  along  the  right  bank  of  the  river  at  this  point ;  and 
a  little  below  the  bridge  a  reef  of  bowlders  is  said  to  extend 
across  the  river  at  low  water.  This  has  given  rise  to  the  name 
^'Indian  Bridge."  It  forms  during  low  water  stages  a  serious 
obstacle  to  navigation.  Instead,  however,  of  attributing  it  to 
direct  action  of  glaciers  it  appears  more  reasonable  to  refer  it 
to  the  accumulating  effect  of  the  river  at  a  considerable  more 
recent  date.     For : 

First,  it  is  an  exceptional  case,  all  other  sections  of  the 
river  fail  to  show  such  a  deposit,  although  shallower  and  more 
scattered  accumulations  of  bowlders  in  the  form  of  bars  have 
been  found  elsewhere. 

Second,  it  is  difficult  to  account  for  the  glacier  that  should 
produce  this  result,  particularly  at  this  point. 

Third,  the  drift  upon  the  higher  lands  in  the  vicinity  is 
very  shallow.    If  this  were  the  moraine  there  should  be  a  con- 
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tinaation  of  it  apon  the  blaffs  on  either  side  in  the  greater 
thickening  of  the  drift  deposit. 

Fourth,  at  the  time  when  saoh  a  glacier  shoald  have 
occupied  the  troagh  of  the  Missoari  at  this  point  the  Missouri 
river  must  have  found  its  course  southward  along  some  line 
farther  west.    No  such  drainage  line  has  been  discovered. 

Fifth,  it  may  be  noted  that  there  is  an  old  vacated  channel 
of  the  Missouri  which  leaves  the  present  channel  about  four 
miles  northeast  of  Independence  and  following  the  present 
course  of  the  Little  Blue  to  the  line  of  the  Missouri  Pacific 
railroad  east  of  Independence.  It  passes  east-northeast  along 
the  line  of  that  road  joining  the  present  channel  at  Levasy. 
The  alluvial  deposits  of  this  channel  are  but  little  above  the 
level  of  the  main  course  and  are  of  similar  character,  showing 
that  it  was  very  recently  occupied.  It  seems  not  unlikely  that 
the  Missouri  for  a  long  time  flowed  through  both  these  chan- 
nels but  that  the  wash  from  the  drift  from  the  north  brought 
down  by  the  streams  from  Olay  county  accumulated  in  the 
northern  channel  possibly  at  some  time  of  unusual  flood  with 
the  assistance  of  floating  ice  until  the  water  was  nearly 
dammed,  when  the  southern  channel  may  have  been  the  main 
course  of  discharge;  but  that  subsequently  the  sediments 
from  the  Little  Blue  together  with  the  breaking  over  of  the 
main  current,  caused  the  southern  channel  to  fill  with  sedi- 
ments and  reestablished  the  main  courses  of  both  streams 
through  their  present  valleys. 

Sixth,  the  river  does  not  often  cut  to  a  greater  depth  than 
30  to  40  feet  through  when  checked  in  its  tendency  to  spread 
by  natural  or  artificial  means  a  greater  depth  is  attained ;  a 
depth  of  70  feet  occured  at  Nebraska  Uity  during  the  high 
water  of  1879.  It  has  been  learned  by  direct  soundings  at 
Blair,  Nebraska,  that  the  Missouri  river  in  high  water  fre- 
quently scours  bed-rock  which  at  that  point  is  at  a  depth  of  50 
feet  below  low  water.  Samples  of  bed-rock  have  been  examined 
f^om  below  the  piers  of  the  bridges  at  Blair,  Omaha  and  at 
Plattsmouth,  all  of  which  show  the  peculiar  surfaces  formed 
by  flowing  water,  and  in  none  of  these  cases  has  anything  like 
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glacial  striation  been  reported  from  bed-rock  in  the  troagh  of 
the  MiBsoari. 

Although  beyoDd  the  boundaries  of  the  state  reference 
may  be  made  to  the  report  upon  the  section  at  Nebraska 
Oity.  Wilson  says  in  regard  to  the  line  of  borings  across 
the  valley  at  that  point  that  an  ^interesting  result  of  these 
borings  is  the  disclosure  of  the  pre-glacial  channel  three 
miles  north  of  Eastport,  running  at  right  angles  to  the  direc- 
tion of  the  Missouri  river  valley.  The  width  of  the  gap  was 
not  determined  though  it  is  less  than  twenty-five  hundred  feet. 
The  borings  indicate  a  depth  of  165  to  175  feet  beneath  the 
present  surface,  60  to  75  feet  deeper  than  the  rock  worn  bed 
of  the  old  Missouri.  The  principal  bed  of  this  rocky  gap 
below  the  general  level  of  the  north  and  south  valley  of  the 
Missouri  is  of  very  hard,  tenacious,  drab-colored  clay  mixed 
with  angular  fragments  of  stone  and  instances  of  red  quart z- 
it«,  the  prevailing  bowldery  material  of  the  northern  glaciers.'' 
In  view  of  the  exceptional  character  of  the  data  such  conclu- 
sions can  be  held  provisionally  only.  It  seems  not  impossible 
that  the  borings  have  been  misinterpreted;  that  the  shaly 
clays  and  sandstone,  which  are  developed  in  the  Garbonif- 
erous  and  which  possibly  form  a  portion  of  the  bed-rook  have 
been  mistaken  for  more  recent  accumulations.  When  the  ease 
with  which  borings  may  be  mistaken  is  considered  it  seems 
quite  as  reasonable  to  suppose  that  such  mistakes  has  been 
made  as  to  believe  that  in  this  place  alone  the  northern  drift 
has  been  preserved  in  the  deep  preglacial  channel.  More- 
over, the  occurrence  of  such  a  channel  would  be  difficult  to 
reconcile  with  many  other  data  which  indicate  that  the  region 
has  not  been  so  elevated  as  to  allow  of  such  excavations,  at 
least  since  Tertiary  times.  The  preponderance  of  evidence, 
therefore,  leads  to  the  conclusion  that  no  deposits  of  the  gla- 
cial period  are  found  within  the  trough  of  the  Missouri. 

A  composite  section  of  the  trough  of  the  Missouri  is 
given  in  the  accompanying  plate  xix.  It  has  been  compiled 
from  the  reports  of  the  Missouri  River  Commission  for  the 
years  1890  92.      From  the  same  reports,  together  with  the 
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reports  of  the  Miesissippi  Riv^r  Uommissioa  for  J881  plate 
XX  bse  been  ooaetrncted  which  girea  the  maio  facte  oODcero' 
ing  tbe  Miasonri  in  this  state. 

i>iffl«ii*ioii«  of  tht  Mittouri  River  Trough. 
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Alluvial  Depoiitt  of  the  Miiiouri  river.  Under  allDTiDm 
are  iooloded  all  waterlald  formatione  which  are  not  marine, 
which  fill  the  trongh  of  the  etream.  The  varions  seclioae 
which  have  fnroiBhed  the  data  in  the  accompaQjing  sketchea 
{plate  XIX )  give  also  more  or  leas  completely  the  thiokoeae 
and  character  of  depoaita  paaaed  throngh  in  boring.  Fre- 
qnent  natural  eectiooa  occur  along  stream.  The  material 
deposited  in  tbe  trongh  is  mainly  sand  with  coarser  material 
toward  the  bottom.  Above  these  beds  clay  and  mistares  of 
clay  and  sand  prevail  though  in  some  cases  as  in  the  filling  of 
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a  bayou,  or  in  the  iuner  side  of  a  bend,  a  rather  pare  clay 
called  ''gumbo"  accumulates  many  feet  iu  thickuess.  This 
afterward  may  afford  important  resistance  to  the  erosion  of 
the  stream.  The  clays  and  sands  usually  rise  to  the  height  of 
the  medium  stages  of  the  water.  Sandbars  with  their  attend- 
ant clay  beds  are  the  uncovered  portions  of  these  formations. 
Where  alluvial  formations  have  been  subjected  to  overflows 
only  at  high  stages  of  the  river  an  accumulation  of  loam  more 
or  less  mixed  with  carbonaceoQS  matter  is  deposited,  often  to 
a  depth  of  10  to  15  feet.  It  sometimes  exhibits  layers  which 
are  distinguishable  by  color  or  fineness  of  material.  The 
upper  portion  forms  the  subsoil  of  the  more  prominent  bot- 
tom lands  upon  which  a  rich  black  soil  lapidly  accumulates 
from  the  luxuriant  growth  of  vegetation.  The  former  opinion 
entertained  by  Swallow  that  the  broad  alluvial  plains,  as  in 
southern  Garroll  and  northern  Saline  counties,  indicate  greatly 
different  conditions  of  water  formation  does  not  appear  to  be 
valid,  as  the  efficiency  of  ordinary  streams  is  better  under- 
stood. 

The  history  of  the  formation  of  the  alluvial  deposits  may 
be  briefly  sum'iiarized  as  follows:  When  the  stream  is  at 
ordinary  stage  only  fine  material  is  transported  and  where  the 
water  becomes  still  an  impalpable  sediment  subsides  which 
forms  nearly  pure  clay.  In  times  of  freshet  the  quickening  of 
the  current  of  the  stream  enables  it  to  transport  coarser 
material.  It  attacks  its  banks  and  by  undermining  receives 
large  quantities  of  material  which  are  soon  mixed  with  water 
and  become  a  constitaent  portion  of  the  stream,  so  that  in 
time  of  flood  the  stream  cuts  out  in  its  bed  probably  more 
rapidly  than  its  waters  rise.  Where  a  change  of  direction 
produces  increased  velocity  it  scours  deeply,  sometimes  reach- 
ing to  bed-rock.  As  the  flood  subsides  the  coarsest  material 
which  is  pushed  along  upon  the  bottom  stops;  the  larger  parti- 
cles held  in  suspension  subside  rapidly,  filling  the  deeper  places 
near  the  current.  During  the  lower  stages  and  to  some  extent 
in  the  higher  stages  outside  of  the  main  current,  clay  beds  are 
formed  quite  rapidly.    BDth  of  these  processes  take  place  be- 
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low  the  middle  stage  of  the  dtream  although  the  sand  may 
appear  in  the  vicinity  of  the  carrent  as  high  as  the  highest 
stage.  These  processes  take  place  in  the  immediate  channel 
of  the  waterconrse.  These  formations  prevail  throughout  the 
trough  of  the  river  for  the  reason  that  the  stream  in  turn  has 
probably  visited  all  points.  The  loam  is  deposited  apon 
them  remote  from  the  channel  in  times  of  overflows  and 
accumulates  gradually. 

The  successive  stages  through  which  every  variation  of 
land  in  the  floodplain  may  pass  are :  First,  the  bed  of  the 
river;  second,  a  sandbar;  third,  a  mud  flat;  fourth,  a  low  bot- 
tom overflowed  at  every  flood;  fifth,  a  high  bottom  rarely  over- 
flowed, and  when  it  is  finished  by  an  extremely  high  flood  or 
an  accumulation  of  material  from  growth  of  plants  or  atmos- 
pheric action  it  is  raised  completely  above  the  reach  of  the 
floods.  The  transitory  character  of  alluvial  deposits  is  well 
shown  by  a  case  mentioned  by  Swallow.  '^A  former  disaster 
of  the  ill-fated  ''Timour  No.  2"  presents  an  illustration  of  the 
rapidity  with  which  the  Missouri  forms  and  destroys  exten- 
sive deposits  of  sand.  This  steamer  ran  upon  a  sandbar  and 
was  soon  left  high  and  dry  some  75  or  100  yards  from  the 
water  with  a  fair  prospect  of  leaving  her  timber  to  decay  in 
the  near  cotton  wood  forest ;  but  the  current  changed  and  cut 
its  way  through  the  sand  stratum  upon  which  the  boat  rested 
and  floated  her  way  uninjured  to  the  great  city  of  the  west; 
and  all  this  transpired  in  a  few  weeks."  Another  illustration 
is  given  by  Simpson.  His  statement  refers  particularly  to  the 
Mississippi  river  below  the  mouth  of  the  Missouri  but  is  still 
applicable  to  the  Missouri  itself.  ^^The  bed  of  the  river  is  so 
broad  that  the  channel  meanders  from  side  to  side  within 
the  bed,  just  as  the  bed  itself  meanders  in  the  valley  from 
bluff  to  bluff,  as  by  erosion  and  deposit  the  bed  of  the  river, 
in  long  periods  of  time,  traverses  the  valley,  so  the  channel 
traverses  the  bed  from  bank  to  bank,  justifying  the  remark 
often  heard,  that ''  not  a  square  rod  of  the  bed  could  be 
pointed  out  that  had  not  been  covered  by  the  tracks  of  steam- 
boats. " 
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From  the  deBcription  of  the  processes  of  formation  it  fol- 
lows that  the  allavial  bottom  lands  of  the  Missouri  exhibit  in 
a  marked  degree  the  asaal  law  that  the  slope  is  away  from  the 
stream  toward  the  bluff,  so  that  the  bottom  land  is  highest 
near  the  main  channel.  This  prevails  uniformly,  except  where 
the  bottom  has  been  so  long  in  existence  that  the  ordinary 
wash  from  ravines  opening  upon  it  or  from  the  sides  of  bluffs 
overlooking  it,  has  reversed  the  slope  by  destribnting  material 
from  the  adjacent  uplands.  The  extent  of  alluvial  lands  may 
be  fairly  understood  from  a  previous  section  on  the  width  of 
the  trough  of  the  Missouri.  Two  notable  features  may  be 
mentioned  here :  One  the  existence  of  a  vacated  alluvial  val- 
ley in  Jackson  county  to  which  attention  was  called  in  con- 
nection with  the  Silbey  section,  and  another,  the  division  of  the 
present  valley  at  Oote-sans-desein  below  the  mouth  of  the  Osage. 

MISSISSIPPI   RIVBB. 

Oharacteriatica  of  the  Trough.  The  data  on  this  stream  are 
not  near  as  complete  as  the  information  concerning  the  Mis- 
souri. The  valley  is  very  similar  and  most  statements  which 
have  been  made  concerning  the  latter  are  true  of  the  former. 
The  valley  is  much  wider,  and  perhaps  more  deeply  eroded 
below  the  water  level.  Its  alluvial  floodplains  therefore  are 
broader  but  the  state  of  Missouri  contains  much  less  than  one- 
half  of  them,  because  of  the  rotation  of  the  earth,  or  accord- 
ing to  Ferrel's  law,  the  stream  for  most  of  its  course  crowds 
against  its  western  bank.  The  data  at  hand  would  indicate 
that  the  breadth  of  the  valley  at  the  northeast  corner  of  the 
state  is  about  eight  miles  and  the  water  level  is  about  250  feet 
below  the  adjacent  uplands.  At  Quincy  the  relations  are 
aboot  the  same.  In  the  neighborhood  of  Hannibal  the  in- 
fluence of  the  heavy  limestone  of  the  Lower  Carboniferous 
begins  to  narrow  the  channel ;  while  at  Louisiana  the  valley 
has  narrowed  to  three  or  four  miles  and  is  from  400  to  450 
feet  below  the  highest  summits  of  the  upland.  The  valley 
continues  to  become  somewhat  narrower  to  the  mouth  of  the 
Ouivre  river  although  the  bluffs  are  mach  lower  after  passing 
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the  north  line  of  Lincoln  county.  This  is  dne  apparently  to 
the  effect  of  the  Hudson  shales  that  have  promoted  the 
erosion  of  the  middle  portions  of  the  bluffs.  At  Dardenne  in 
northern  Saint  Gharles  county,  as  before  stated,  the  older  val- 
ley seems  to  become  conflaent  with  the  broad  upper  portion 
of  the  Missouri  valley.  From  the  month  of  the  Illinois  river 
to  the  southern  boundary  of  the  state  the  terse,  clear  descrip- 
tion of  Simpson*  who  has  reported  upon  this  section  of  the 
river  has  a  special  bearing. 

•*The  Mississippi  river,  between  the  Illinois  and  the  Ohio, 
is  divided  by  the  natural  characteristics  into  three  sections. 
The  first  extends  from  the  Illinois  to  the  Missouri,  a  distance  of 
twenty-four  and  one-half  miles  and  is  distinguished  from  the 
other  sections  by  comparatively  clear  water.  The  average 
slope  at  low  water  is  0.44  of  a  foot  per  mile.  From  the  mouth 
of  the  Illinois  to  Alton,  a  distance  of  sixteen  and  cue-half 
miles,  the  eastern  shore  of  the  river  is  a  rooky  cliff  rising  to  a 
height  of  75  to  150  feet  except  where  broken  by  ravines  to  the 
narrow  valleys  of  unimportant  characters.  On  the  west  the  bank 
is  continuously  alluvial  and  the  bottom-lands  are  common  to 
the  Mississippi  and  Missouri  rivers  here  separated  by  a  neck  of 
land  from  two  to  four  miles  in  width.  The  second  section  ex- 
tends from  the  mouth  of  the  Missouri  to  Commerce,  a  distance 
of  one  hundred  and  sixty-two  miles.  This  section  derives  its 
distinguishing  features  from  the  Missouri:  turbid  waters, 
shifting  bars,  and  channels,  rapid  erosion  of  alluvial  banks, 
and  extensive  accretions,  building  up  and  removing  islands, 
tow-heads  and  battures,  with  great  rapidity.  Seen  at  the 
higher  stages,  the  crumbling  banks  falling  in  masses,  the  spoil 
of  the  forest  covering  the  surface,  and  the  boiling,  swirling 
current  show  the  power  to  be  encountered ;  and  seen  at  low 
water  the  wide  wastes  of  sand-bars,  bristling  with  snags,  and 
drifts  of  every  size  and  shape,  with  here  and  there  the  dis- 
membered skeletons  of  man's  work,  memorials  of  disaster,  as 
forcibly  suggest  that  to  undertake  the  control  of  the  forces 
here  developed  is  no  light  task.    From  the  mouth  of  the  Mis- 

•  Report  U.  S.  Engineers,  1S75,  vol.  ii,  pt.  2,  p.  472,  1875. 
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soori  to  Saint  Loais,  a  distaDce  of  fifteen  miles,  the  river  does 
not  touch  the  bluff  on  either  side.  A  prolongation  of  the 
rock  formation  on  the  west  bide  is  exposed  at  the  Chain  of 
Bocks,  where  the  ledge  extends  about  one-third  of  the  dis- 
tance across  the  river-bed.  The  rock  probably  underlies  the 
alluvium  on  the  Missouri  at  no  great  distance  below  the  Chain. 
Below  Saint  Louis  the  river  follows  the  Missouri  bluff  closely 
for  fifty-five  miles,  the  only  exception  being  at  Bush  Tower 
bend,  where  a  former  island  has  become  connected  with  the 
Missouri  shore.  Above  Saint  Genevieve  the  river  leaves  the 
bluffs,  returning  to  it  near  Saint  Marys.  Below  Saint  Marys  it 
trends  to  the  eastward,  meeting  the  Illinois  bluff  at  the  mouth 
of  the  Kaskaskia  and  follows  this  bluff  to  Liberty,  whence  it 
again  is  turned  toward  Missouri  reaching  the  bluffs  at  Big 
Eddy,  and  follows  close  at  their  foot  to  Cape  Cinq  Homme. 
Here  the  valley  is  at  its  narrowest,  the  rock  appears  on  both 
sides.  The  main  Illinois  bluff  recedes  from  the  river  near 
Liverpool  and  the  river  continues  along  the  Missouri  bluff.  A 
few  miles  below  the  isolate  bluffs  near  Grand  Tower  are 
found  on  the  Illinois  side.  Low  grounds  to  the  eastward  of 
these  isolated  islands  of  rock  indicate  that  the  river  once 
flowed  to  the  eastward  of  them  and  that  the  opening  through 
which  the  river  now  flows  is  the  result  of  some  unknown 
operations  of  nature.  *  Below  Grand  Tower  the  river  follows 
the  Missouri  bluffs  closely  for  a  long  distance,  receding  from 
them  near  Bainbridge,  touching  again  at  Cape  Girardeau. 
Here  the  main  Missouri  bluff  recedes  from  the  river  and 
appears  no  more.  A  short  distance  below  Cape  Girardeau  a 
depression  allows  the  Mississippi  waters  in  floods  to  escape 
into  the  swamps  and  thence  into  the  Saint  Francois.  Bluffs 
again  appear  on  both  sides  of  the  river  at  Cape  la  Croix,  con- 
tinuing for  several  miles  and  terminating  at  Commerce,  but 
the  bluff  on  the  west  is  isolated  and  apparently  has  been 
detached  from  the  Illinois  highland.      Near  Commerce  the 

*Thls  Is  the  natural  result  of  the  water  eroding  more  rapidly  near  Its  right 
bank,  according  to  Ferrer s  law. 

O— 13 


194  QUATBBNABT  DEPOSIIS. 

blaffs  recede,  and  the  valley  expands  into  the  great  alluvial 
basin  of  the  Lower  Mississippi.  Throughout  the  second  sec- 
tion the  river  is,  as  a  rule,  held  in  on  one  side  by  rocky  bluffs 
and  is  remarkably  direct  in  its  general  course;  only  when  it 
leaves  the  bluffs,  as  noted,  does  it  work  out  the  long  sweeping 
curves  to  be  expected  in  great  rivers.  Below  the  junction  of 
the  .Missouri  and  Mississippi  the  waters  of  the  two  rivers  flow 
for  many  miles  side  by  side  with  a  distinct  line  of  division. 
As  far  down  as  Oarondelet  muddy  water  from  the  Missouri 
may  be  dipped  on  one  side  of  the  boat  and  the  comparatively 
clear  water  of  the  Upper  Mississippi  from  the  other.  The 
valley  throughout  this  section,  except  near  Grand  Tower  and 
at  the  Grand  Chain,  is  from  three  to  eight  miles  in  width. 
Near  the  whole  area  is  subject  to  oveiflow  in  time  of  floods. 
The  third  section,  extending  from  Commerce  to  the  mouth  of 
the  Ohio,  a  distance  of  thirty-seven  and  a  half  miles  derives  its 
distinguishing  characteristics  from  the  entrance  into  the 
alluvial  region,  where  the  uniform  texture  of  the  soil  allows 
the  river  to  shape  its  course  without  restriction  ;  and  second- 
ly from  the  influence  of  the  Ohio.  The  times  of  flood  of  the 
Ohio  and  Mississippi  are  very  different;  and  as  the  Ohio 
alone  is  able  to  cause  a  rise  to  a  stage  of  forty  feet  above  low 
water  when  the  Mississippi  is  comparatively  low  the  pheno- 
mena of  back-water  are  of  frequent  occurrence  and  its  ordinary 
influence  extends  as  far  as  Commerce,  frequently  farther. 
When  the  Ohio  is  high  and  the  Mississippi  is  low,  the  current 
through  this  section  is  slack  but  when  the  conditions  are 
reversed  the  current  becomes  very  rapid.  Owing  in  a  great 
measure  to  these  excessive  changes  of  velocity  the  channel  is 
very  unstable  and  the  erosions  extensive,  as  also  the  accre- 
tions." 

Below  the  mouth  of  the  Ohio  the  river  has  features  simi- 
lar to  that  between  Commerce  and  Carroll.  It  in  general 
winds  in  great  bends  through  the  wide  alluvial  plain  and 
approaches  the  bluffs  on  the  Kentucky  side  at  Columbus  and 
Hickman.  The  whole  portion  of  Missouri  along  the  river 
from  Commerce  to  the  southern  boundary  is  subject  to  over- 
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flow  with  the  exception  of  a  low  ridge  ranning  north  of  New 
Madrid  to  lake  Saint  Joseph  and  narrow  areas  near  Charles- 
ton. 

Trough  below  Low  Water.  The  data  for  constracting  cross- 
sections  of  the  rock  valley  of  the  Mississippi  river  are  very 
incomplete.  The  most  detailed  information  on  any  part  of  the 
stream  is  that  recently  famished  by  Gordon,*  on  the  buried 
channels  of  the  great  watercourse  in  southeastern  Iowa  and 
northeastern  Missouri.  Keyes  f  also  refers  to  it  in  the  geolo- 
gical account  of  Lee  county,  Iowa.  ''Although  the  data  with 
reference  to  the  channel  beneath  the  drift  still  requires  further 
investigation  in  order  to  give  it  completeness,  sufficient  evidence 
has  been  gathered  to  indicate  the  existence  of  a  profound 
gorge,  representing  a  former  location  of  the  great  river.  There 
are  also  traces  of  lesser  channels  which  were  in  all  likelihood 
tributary  to  the  main  one.  A  few  miles  above  the  mouth  of 
the  Des  Moines  river  at  Fort  Madison  a  great  accumulation  of 
glacial-material  has  long  been  known  on  the  west  bank  of  the 
Mississippi.  Between  the  mouth  of  the  Skunk  river  and 
Montrose  the  present  course  coincides  with  the  former  one ; 
and  the  present  channel  of  the  stream  has  been  partly  excavated 
along  the  eastern  margin  of  the  older  valley.  'From  Montrose 
the  old  channel  sweeps  with  a  broad  westwardly  bend  to  the 
Des  Moines  river  crossing  it  into  Missouri  below  Sand  Prairie. 
The  comparatively  narrow  rocky  gorgh  within  which  the  river 
now  flows  from  Montrose  to  Keokuk  is  itself  suggestive  of  its 
more  recent  origin  than  the  broad  valleys  above  and  below 
bordered  for  the  most  part  by  drift  covered  slopes.  Along  the 
western  bank  above  Montrose  rock  exposures  are  only  seen  on 
Lost  creek  about  one  and  one-half  miles  west  of  Wever ;  on 
East  Sugar  creek  west  of  Yiele,  at  the  crossing  of  the  Chicago, 
Burlington  and  Kansas  Oity  railroad ;  and  in  the  northwestern 
part  of  Gharleston  township  in  Lee  county,  well  back  from  the 
bluff  on  Painter  creek.  These  points  are  taken  to  indicate  the 
limits  of  the  channel  here.    Westward  from  Keokuk  the  in- 


♦lowa  Geol.  Sur.,  vol.  iii,  pp.  237-255,  1894. 
tibid.,  pp.  366-308. 
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dnrated  rooks  disappear  just  above  the  railroad  bridge  over 
the  Des  Moines  and  do  not  again  appear  in  the  bluffs  nntil 
Sand  Prairie  is  reached.  A  farther  surface  indication  of  the 
existence  of  the  channel  between  Montrose  and  Sand  Prairie 
is  seen  in  the  crescentio  allnvial  plains  foand  at  these  points^ 
the  former  of  which  is  a  result  of  the  efforts  of  the  Mississippi 
river  to  recover  its  old  channel ;  and  the  latter  apparently  due 
to  the  agency  of  the  Des  Moines. 

"Several  deep  wells  put  down  recently  at  Fort  Madison  all 
agree  in  indicating  a  great  thickness  of  clay  and  sand  below 
the  present  river  level.  The  thickness  of  this  deposit  varies 
from  175  to  190  feet  according  to  the  location  of  the  well,  and 
when  reduced  to  sea-level  shows  the  rock  bed  to  lie  at  an  ele- 
vation above  tide  of  365  to  380  feet.  A  few  miles  southwest 
of  Fort  Madison,  at  Mount  Olara,  where  the  elevation  of  the 
surface  is  679  feet  a  boring  put  down  shows  the  rock  bottom 
to  be  364  feet  above  tide  level.  As  the  extent  of  the  channel 
indicates  an  advance  stage  in  base-leveling,  the  slope  of  the 
river  bed  from  Fort  Madison  to  Mount  Olara  should  be  slight 
and  this  seems  to  be  borne  out  by  the  figares  except  in  the  case 
of  the  well  at  the  paper  mill  which  shows  an  elevation  of  379 
feet  for  the  rock  bottom." 

At  Montrose,  which  is  only  two  miles  northeast  of  Mount 
Olara,  the  low  water  mark  of  the  river  is  500  feet  above  tide. 
The  bottom  of  the  old  course,  therefore,  is  136  feet  below  the 
present  low  water  level  or  aboat  130  feet  below  the  bottom  of 
the  new  channel. 

The  width  of  the  ancient  channel  is  about  six  miles,  which 
is  about  the  size  of  the  present  rock-gorge  which  the  stream 
now  follows  in  the  revived  course  above  Fort  Madison.  The 
river  in  pre-glacial  times  probably  exceeded  its  present  dimen- 
sions very  greatly  and  after  rapidly  cutting  down  its  channel 
in  its  early  history  its  sabseqaent  efforts  were  directed  to 
widening  the  valley  in  which  it  alternated  from  side  to  side 
until  it  reached   the  limits  indicated  upon  the  sketch   map. 

The  main  characteristics  of  the  old  channel  are  shown  in 
the  annexed  plate  xxi.    The  cross-sections  are  taken  jast 
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aoross  the  state  boandary  and  represent  essentially  the  features 
on  the  MisBoari  side  of  the  Des  Moinos  river.  Figure  1  shows 
the  prevailing  character  of  the  npland  surface.  Figure  2  is 
virtually  a  comparison  of  the  present  and  former  gorges  of  the 
Mississippi  river  at  Keokuk.  Figure  3  is  a  section  along  the 
Des  Moines  river  from  its  mouth  to  a  point  above  St.  Francis- 
ville,  showing  the  old  buried  channel. 

Leverett  *  has  gathered  a  number  of  records  concerning 
the  depth  to  bed  rock.  At  Quincy  a  shelf  of  rock  seems  to 
underlie  the  present  channel  of  the  river  so  that  the  deepest 
rock  is  only  about  45  feet  below  low  water.  According  to  War- 
ren, borings  were  made  at  Louisiana  80  feet  below  low  water 
without  striking  bedrock.  At  St.  Louis  there  are  varying 
depths  from  low  water  to  bedrock  ;  at  the  east  end  of  the  Eads 
bridge  it  is  95  feet ;  at  the  east  pier  of  Merchants'  bridge  it  is 
45  feet ;  in  a  well  at  the  Tudor  Iron  Works  79  feet.  In  borings 
conducted  by  the  Missouri  Biver  Gommission  in  1881  a  depth 
of  102  feet  was  reached  at  Oairo  which  ended  in  gravel.  At 
New  Madrid  and  vicinity  about  twenty  borings  were  made,  two 
of  them  extending  over  200  feet.  It  was  impossible  to  de- 
termine when  the  bottom  of  the  true  river  deposits  were  reached. 
In  a  well  No.  9,  which  began  about  twelve  feet  above  high 
water  mark  a  sectionf  was  obtained,  of  which  the  following  is 
an  abridgement : 

Section  of  Well  Near  New  Madrid. 

Thickness.    Depth. 
13.    Sand,  gray  above,  and  light  brown  and  more 

clayey  below 4.0  4.0 

12.    Clay,  brown  above,  and  blue  and  sandy  below  31. 6  35.6 
11.    Sand,  dark  gray,  containing  particles  of  lig- 
nite and  layers  of  blue  clay 9.4  45.0 

10.    Gravel,  with  some  sand  and  lumps  of  lignite 

and  decayed  wood 19.3  64  3 

9.    Clay,  blue,  containing  wood  showing  fibres. . .  5.0  69.3 

8.    Sand  and  gravel 17.3  86.6 

7.    Sand,  gray,  with  thin  layers  of  clay  Interstratl- 

fied  with  some  gravel 24.3  1109 

6.    Clay  21.3  131.0 

*  Communicated. 

fHlsslsslppl  Rlv.  Com.,  Rept.  Prog.,  1881,  p.  180. 
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Thickness.    Depth. 
5.    Sand,  yellowish  and  reddish.  Interstratlfled 

with  thin  layers  of  yellowish,  gn^aylsh  and 

pebbly  clays 40.2  171.2 

4.    Clay,  brown 10. s  182.0 

3.    Sand,gray 17.6  199.6 

2.    Clay,  gray,  with  thin  layers  of  fragments  of 

lignite 1.4  201.0 

1.    Sand,  gray,  with  few  thin  layers  of  gray  clay.  la.o  214.0 

The  fact  that  the  lignite  at  199.6  feet  is  probably  a  layer, 
very  likely  marks  the  beginniDg  of  the  Tertiary  bedrock. 
Boring  No.  2  showed  a  similar  section  in  general.  It  began 
about  five  feet  above  highwater  mark  and  extended  to  a  depth 
of  207  feet.  The  lowest  sand  from  its  physical  characters  is 
believed  to  belong  to  the  Tertiary.  The  marked  peculiarity  of 
the  boring  was  a  strong  flow  of  water  from  the  lowest  gravel 
bed  between  192.7  to  203.7. 

ALLUVIUM  OF  OTHBB  STBBA.MS. 

Safflcient  data  have  not  been  obtained  in  regard  to  other 
streams  to  warrant  much  of  a  consideration.  Grand  river,  as 
has  been  stated  in  another  place,  has  alluvial  deposits  rival- 
ling in  breadth  those  of  the  Missoari.  The  valleys  of  rivers 
springing  from  the  southern  portion  of  the  state,  like  the  Osage, 
Gasconade  and  Meramec,  have  comparatively  narrow  alluvial 
plains.  They  have  excavated  deep  winding  gorges  two 
hundred  to  three  hundred  feet  down  in  massive  magnesian 
limestone.  The  Saint  Francois,  whose  alluvial  plain  connects 
with  the  Mississippi  at  Gape  Girardeau,  flows  parallel  to  that 
stream,  crossing  the  Orowley  ridge  at  the  east  end  of  the  main 
southern  boundary  of  the  state.  East  of  the  ridge  its  plain  is 
scarcely  separated  from  that  of  the  Mississippi.  West  of  the 
Crowley  ridge  its  alluvial  valley  joins  with  that  of  Black  river 
and  covers  most  of  Butler  county.  In  fact  from  Gape  Girardeau 
the  abrupt  bluffs  forming  the  western  boundary  of  the  confluent 
alluvial  plains  of  these  rivers  runs  nearly  due  southwest  to  the 
southern  boundary  of  the  state  where  it  is  crossed  by  Current 
river. 
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LEADING  PROBLEMS  RECOGNIZED. 

Before  attempting  to  read  connectedly  the  quaternary 
history  of  Missonri,  it  seems  important  to  consider  the  signifi- 
cance of  some  of  the  more  striking  facts  that  have  been 
brought  ont. 

Some  Oeological  Facts.  L  Waterlaid  Character  of  the  Loess 
and  Gray  Loamy  Olay.  Probably  no  one  is  now  disposed  to 
qaestion  the  aqueous  deposition  of  this  formation.  In  struc- 
ture it  is  horizontally  stratified  and  its  upper  surface  often 
remains  as  level  as  a  floor  though  in  many  places  its  exposure 
to  surface  erosion  has  modified  it.  Its  homogeneous  character 
and  its  extreme  fineness  indicate  without  much  doubt  its  depo- 
sition in  comparatively  quite  water ;  on  the  other  hand,  that  it 
is  not  sub-aerial  seems  sufficiently  proved  by  general  absence 
of  vegetation  and  terrestrial  animal  remains.  Moreover,  no 
traces,  or  very  few,  are  found  of  an  old  surface. 

2.  Great  Difference  of  Level  between  similar  Deposits  in 
Missouri  and  Southern  Illinois.  The  Pleistocene  formations 
m  eastern  Missouri  are  from  750  to  850  feet  above  the  sea, 
while  similar  deposits  in  Illinois  for  miles  east  lie  at  an  altitude 
of  only  500  to  600  feet ;  in  other  words  a  difiference  of  200  feet 
in  a  distance  of  50  miles.  The  formations  and  the  topography 
in  the  two  regions  are  alike.  Not  only  is  this  general  statement 
true  but  in  Missouri  it  has  a  slope  leading  from  the  higher 
level  mentioned,  to  the  lower,  as  between  Truesdale  and  Gil- 
more,  and  the  gentle  slope  down  the  valleys  of  the  Ouivre  and 
Salt  rivers. 

3.  Yastness  of  Gorges  of  the  Missouri  and  Mississippi 
Rivers.  The  maximum  of  the  Missouri  may  be  stated  at  there 
miles  in  width,  acd  400  to  £00  feet  in  depth  below  the  upland 
level  corresponding  to  the  surface  of  the  loamy  clay.  Forthe 
Mississippi  a  similar  figure  may  be  given.  Jn  both  cases  the 
trough  is  narrower  ^here  the  formations  ofifer  the  greatest  re- 
sistance to  erosion.  These  facts  indicate  great  age.  More- 
over both  streams  i^eem  to  have  long  ago  cut  down  to  grade. 
In  fact  they  now  rarely  excavate  to  the  present  rocky  bottom 


200  QUATBBNABT  DEPOSITS. 

of  the  gorge.  Drift  clays  also  are  quite  low  in  them,  althongh 
as  stated  elsewhere,  not  extending  to  their  present  bottoms. 
This  might  carry  the  conviction  that  their  gorges  were  ex- 
cavated, at  least  to  three-fourths  of  their  present  depth,  before 
the  last  occupation  of  the  country  by  land  ice. 

4.  Absence  of  Drift  in  the  Lower  Missouri.  As  already 
stated  no  drift  has  been  found  in  the  channel  of  the  Missouri 
below  the  Gasconade  river  except  at  low  levels.  Moreover 
had  there  ever  been  any,  it  is  impossible  to  conceive  how  it 
could  have  failed  to  have  passed  over  the  divide  into  the  Mera- 
mec.  The  significance  of  this  is  apparent  when  it  is  considered 
that  the  col  connecting  the  valley  of  the  MIfisouri  with  the 
Meramec  is  only  about  650  feet  above  the  sea  while  within  fif- 
teen miles  the  level  of  the  drift  and  loess  exceed  860  feet. 
The  facts,  upon  which  this  general  statement  is  made  have 
already  been  given  in  detail. 

Before  attempting  a  connected  account  or  a  general  dis- 
cussion of  the  quaternary  history  of  the  region  it  will  mani- 
festly simplify  matters  to  first  consider  se  parately  several  ques- 
tions. 

(1)  The  Former  Existence  of  a  Barrier  between,  the  Mis- 
souri and  Gasconade  Rivers.  In  order  to  reconcile  the  views 
already  given  it  seems  necessary  to  suppose  that,  at  least  dur- 
ing the  main  deposition  of  the  loess  and  probably  during  the 
deposition  of  the  drift,  a  barrier  of  some  sort  existed  sufficient 
to  produce  a  high  grade  level  over  the  loess  region.  The  bar- 
rier may  be  conceived  to  have  been  an  extension  of  the  divide 
between  the  Osage  and  Gasconade  rivers  following  the  margin 
of  the  drift  and  loess  north  of  the  Missouri  river  through 
Warren,  Saint  Charles,  Pike  and  Kails  counties.  Not  only  is 
this  separation  indicated  by  the  margin  of  the  loess  and  the 
drift  and  the  character  of  the  deposits  of  the  former,  but  much 
of  the  way  there  are  remnants  of  a  somewhat  higher  surface 
as  though  of  a  ridge  which  has  since  been  skeletonized  by 
erosion.  Moreover,  this  high  ridge  is  known  to  extend  across 
the  Mississippi  into  Pike  county,  Illinois,  where  it  has  similar 
relations.    Its  later  erosion  and  partial  destruction   may  be 
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coDBidered  more  probable,  when  it  is  learned  that  from  Lonisi- 
ana  to  the  valley  of  the  Oaivre  the  Hadson  shales  constitated 
an  important  part  of  its  stractnre.  They  yield  readily  to  the 
weather  and  become  disintegrated  into  a  loess-like  silt.  More- 
over, upon  this  rest  thick  strata  of  Lower  Oarboniferoas  lime- 
stone. The  break  across  the  divide  at  the  Missouri  river  may 
be  accounted  for  in  another  way  as  is  shown  elsewhere.  The 
objection  rising  from  the  size  of  the  gorges  of  the  Mississippi 
and  MisBonri  may  be  considered  later.  The  objection  naturally 
arises  that  this  supposed  ridge  is  covered  along  the  valley  of 
the  Ouivre  and  Salt  rivers  by  drift  and  loess-like  deposits  hav- 
ing similar  relations  as  those  upon  the  plain  farther  west ;  and 
that  the  assumption  of  the  existence  of  such  a  ridge  does  not 
completely  remove  the  difficulties.  To  this  it  may  be  replied 
that  while  it  is  inconceivable  that  during  the  deposition  of  the 
principal  plain  there  should  be  gaps  at  this  point,  yet  after  the 
main  disposition  and  possibly  after  the  location  of  the  leading 
stream  along  the  present  line  of  the  Missouri,  it  seems  not  in- 
conceivable that  the  severing  of  the  ridge  by  erosion  and  the 
withdrawing  of  a  portion  of  the  material  down  the  gaps  so  pro- 
duced might  be  accomplished  without  giving  rise  to  phenomena 
unlike  those  now  found.  To  explain  this  more  particularly  it 
may  be  supposed  that  the  first  sapping  of  the  ridge  may  have 
been  more  or  less  by  seepage  and  subterranean  streams  and 
that  at  no  time  was  a  large  volume  of  water  flowing  through 
new  outlets;  and  that  there  was  a  combination  of  creeping 
such  as  is  common  to  clays  and  unconsolidated  formations 
when  moist,  with  more  or  less  of  transportation  by  small 
streams.  In  such  transportation  the  coarse  material  would 
continually  remain  at  the  bottom  no  matter  how  often  moved 
while  the  finer  material  would  remain  above.  Moreover,  the 
present  inequalities  of  the  upland  plain  are  mainly  the  result 
of  more  recent  erosion.  It  might  be  concluded  therefore  that 
the  most  rational  theory  which  has  yet  presented  itself  is  that 
such  a  barrier  existed,  that  the  drainage  of  northern  Missouri 
during  the  deposition  of  the  loess  was  probably  toward  the 
northeast  and  at  such  a  level  as  to  make  it  possible  for  the 
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extensive  deposition  of  this  loamy  clay  with  a  considerable 
Tolame  of  water. 

(2)  The  loess  had  a  Fluvio- Lacustrine  Origin.  Several 
hypotheses  have  been  advanced  for  the  origin  and  method 
of  deposition  of  the  loess.  These  have  been  extensively  con- 
sidered in  the  classical  work  of  Ohamberlain  and  Salisbury, 
on  the  "  Driftless  Area  of  Wisconsin."  While  the  deposition 
in  that  region  may  not  be  in  all  respects  parallel  with  that 
now  under  consideration  it  deems  clear  that  the  level  surface 
of  the  loess  in  Missouri  forbids  a  belief  in  its  sub-aerial  deposi- 
tion, and  also  that  the  entire  absence  of  ancient  beaches  ren- 
ders it  impossible  to  conceive  that  lakes  of  any  great  extent 
should  have  existed  at  the  time  of  its  formation.  Moreover, 
it  can  scarcely  be  imagined  that  the  remote  transportation  of 
the  material  over  so  wide  an  area  took  place  without  decided 
currents.  On  the  other  hand  from  the  analogy  of  the  delta  of 
the  Mississippi  it  is  supposed  that  the  current  was  less  rapid 
than  that  of  the  present  Mississippi  for  the  prevalent  accumu- 
lation of  material  below  water  level  in  that  stream  is  uniformly 
sand.  To  be  sure  if  the  coarse  material  were  not  furnished  to 
the  water,  the  strong  current  might  deposit  fine  material.  But 
coarse  material  was  evidently  obtainable  as  is  indicated  by  the 
wide  extent  of  sand  on  the  upland  plain  and  the  much  coarse 
material  in  the  drift  from  the  north.  The  only  probable  con- 
clusion seems,  therefore,  to  be  that  the  material  was  mainly 
deposited  in  sluggish  flooded  streams,  probably  of  wide  extent 
and  often  shallow.  Moreover  these  streams  must  be  regarded 
as  shifting  from  time  to  time  as  is  known  to  be  the  rule  upon  a 
plain  of  deposition.  Such  is  the  case  in  the  Hoang  Ho  and 
the  Po  rivers. 

fSJ  The  Missouri  River  had  Unusual  Resources  for  a 
Rapid  Erosion  of  its  Channel.  Forced  to  the  conclusion  that 
the  loess  was  deposited  at  a  high  level  and  that  therefore  the 
present  gorges  of  the  Missouri  and  Mississippi  rivers  were 
not  in  existence,  the  difficulty  may  now  be  considered  of  ac- 
counting for  their  erosion  since  the  deposition  of  the  loess. 
In  regarding  this  independent  of  the  exact  time  when  it  took 
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place  bat  assaming  that  it  begaa  some  time  after  the  ice  sheet 
made  its  maximum  advaDce,  that  is,  when  the  ice  covered  the 
greater  portiou  of  Illinois,  three-foarths  of  Wisconsin,  all  of 
Minnesota,  except  a  little  at  the  soatheastern  corner,  the  cen- 
tral portion  of  Iowa  as  far  south  as  Des  Moines,  the  whole  of 
the  Dakotas  east  of  Missoari,  all  of  Montana  north  of  that 
stream  and  indefinite  stretches  of  Canada.  It  is  generally 
agreed  by  the  students  of  the  subject  that  it  was  a  period  of 
rapid  flowing  of  ice  currents  and  rapid  melting  of  the  ice  in 
the  great  ice  sheet. 

Vast  quantities  of  water  were  available  for  the  purpose. 
The  amount  may  be  estimated  as  follows  :  At  the  time  of 
the  first  or  Altamount  moraine  the  Missouri  received  the  melt- 
ing from  130,800  square  miles  of  ice  sheet  in  the  United  States, 
that  is  one-half  of  Dakota,  one-third  of  Minnesota  and  one-sixth 
of  Iowa,  besides  there  was  probably  as  great  an  area  in  Canada 
to  be  added,  because  the  upper  Saskatchewan  at  that  time 
doubtless  drained  into  the  Missouri  river.  The  ablation  of 
certain  Alpine  glaciers  as  estimated  by  DeSor  is  ten  feet  a 
year,  by  Forbes  over  twenty  feet,  and  even  as  high  as  two  and 
one-half  inches  a  day  has  been  observed.  It  seems  not  un- 
reasonable to  count  most  of  this  area  in  the  zone  of  ablation  at 
as  much  as  ten  feet  for  the  United  States  alone,  or  five  feet,  to 
be  very  liberal,  for  the  United  States  and  British  America, 
supposing  the  area  of  the  latter  to  equal  the  former,  there 
would  then  be  250  cubic  miles  of  water  a  year  or  ten  times 
the  amount  now  discharged  by  the  Missouri  river.  In  this  no 
account  is  taken  of  the  water  drained  from  the  rest  of  the  basin 
which  was  certainly  no  less  than  now.  If  counting  the  exten- 
sion into  Canada  by  the  Saskatchewan  as  equal  to  the  area 
occupied  by  the  ice  it  may  be  put  down  as  a  moderate  calcula- 
tion that  the  river  discharged  eleven  times  as  much  water  as 
at  the  present  time,  with  the  probability  that  it  discharged  at 
least  for  certain  years  twenty  times  as  much. 

What  corrasion  this  flood  would  accomplish  can  scarcely 
be  calculated  ;  but  it  can  be  conceived  that  it  would  be  fully 
adequate  to  accomplish  the  work.    The  ice  sheet  would  have 
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discharged  water  iatothe  Missoori  river  a q til  it  woald  have 
receded  to  the  fourth  moraine,  then  its  waters  would  mostly 
have  reached  the  Mississippi  through  the  Minnesota  river 
and  rapidly  accom  plished  the  work  which  that  stream  had  pre- 
viously well  advanced  by  the  melting  of  the  ice  from  that  of 
Minnesota  and  much  of  Wisconsin  and  Iowa. 

Moreover  abundant  coarse  material  was  contributed  for 
the  cutting  in  the  form  of  pebbles  and  bowlders  from  the  ice 
sheet. 

It  is  not  unlikely  that  portions  of  the  present  channel  were 
already  eroded  in  pre-glacial  times  ;  for  example,  the  Kansas 
river  may  have  flowed  eastward  to  the  vicinity  of  Glasgow  and 
possibly  northward  by  the  Ohariton  along  the  ancient  channel 
in  Linn  and  Putnam  counties  of  Missouri  and  Appanoose  county 
in  Iowa  to  the  deep  channel  in  Washington  county.  The  Lamine 
may  have  also  flowed  northward  and  joined  it,  while  the  Osage 
may  have  traversed  the  country  northward  to  the  valley  of  the 
Salt  river  and  some  streams  may  have  partially  eroded  the 
present  gorge  of  the  Missouri  between  Rocheport  and  Jef- 
ferson Oity.  The  supposition  is  that  the  Oarboniferous  surface 
of  the  state  had  been  deeply  channeled  along  certain  lines, 
although  as  a  whole  it  may  have  been  a  plateau  nearly  intact. 
The  Missouri  river  above  the  mouth  of  the  Kansas  could 
scarcely  have  eroded  deeply  because  of  the  existence  of  the 
Weston  rapids  in  glacial  times. 

The  character  of  the  Oambrian  rock  which  constitutes  the 
main  part  of  the  excavated  material  from  Jefferson  Oity  to  the 
Gasconade  usually  breaks  into  small  blocks.  If  the  current 
was  strong  enough  to  move  the  blocks  it  must  have  been 
rapidly  turned  away.  It  should  be  remembered  in  this  con- 
nection that  this  is  a  most  important  condition  of  corrasion 
and  one  which  has  perhaps  been  largely  ignored.  If  the 
strength  of  the  current  is  not  sufficient  to  move  the  separable 
units  composing  a  stratum  erosion  goes  on  slowly,  mainly  by 
solution  or  by  abrasion  of  transported  material,  but  the  moment 
that  the  current  is  able  to  pick  up  and  ti-ansport  the  blocks  of 
average  size  the  larger  the  blocks  the  more  rapid  the  corrasion. 
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The  gorge  between  JefferaoQ  Oity  and  Jamestown,  though  in 
part  through  Oambri^n  rook  is  bounded  by  Lower  Oarbonifer- 
ous  limestone. 

The  existence  of  the  rapids  at  Weston  during  the  time 
when  northern  erratics  were  deposited  indicates  that  the  bot- 
tom of  the  Missouri  gorge  at  that  place  was  at  least  200  feet 
higher  than  now.  Similar  evideoce  is  obtained  also  from  the 
old  channel  of  the  Missouri  by  way  of  Salt  fork  and  the  Petite 
Saline. 

It  may  be  objected  on  the  other  hand  that  no  trace  has 
been  found  of  such  a  catastrophy  as  this  supposition  requires 
at  the  divide  of  the  Osage  and  Gasconade  rivers.  It  is  true, 
th%t  neither  from  the  configuration  of  the  gorge,  nor  the 
accumulation  of  bowlders,  nor  so  far  as  is  known  the  increase 
of  the  depth  of  the  channel  is  any  trace  of  such  change  now 
found  at  that  point.  The  only  reply  to  this  seems  to  be  that 
time  has  elapsed  sufficient  to  remove  all  such  traces,  nor  should 
this  supposition  be  looked  upon  as  incredible. 

(i)  The  Po8t-0laoial  Deformation  of  the  Pleistocene 
Plain.  The  Pleistocene  plain  when  first  finished  was  probably 
of  quite  uniform  slope  from  west  to  east.  It  has  already  been 
suggested  how  modification  of  its  surface  may  have  been  pro- 
duced near  its  edges  by  seepage  and  subsequent  creeping  and 
erosion.  It  seems  also  that  slight  crustal  deformation  may 
have  occured  in  one  case  by  the  formation  of  a  low,  broad  an- 
ticlinal extending  northward  in  Boone  county.  This  would 
seem  the  more  plausible  explanation  for  the  higher  elevations 
of  the  Pleistocene  deposits  in  that  region.  It  would  be  some- 
thing of  a  relief  if  evidences  of  crustal  deformation  could  be 
marshalled  to  explain  the  breaking  of  the  hypothetical  barrier 
but  as  yet  nothing  of  the  kind  has  appeared.  Possibly  an- 
other cause  may  have  been  the  formation  of  a  slight  syncline 
in  the  lowering  of  the  plain  near  the  Ouivre  but  no  clear  evi- 
dence of  it  is  presented. 

foj  *  The  Method  of  Deposition  of  the  Bowldery  Drifts 
This  question  may  be  considered  on  its  own  merits  without 
attempting  to  locate  very  definitely  the  time  of  action.     That 
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it  was  of  sab-glaoial  origin  and  was  formed  mostly  ander  land  ice 
is  probably  most  harmonious  with  common  opinion.  In  favor 
of  SQcb  a  view  the  following  may  be  enumerated : 

(a)  It  is  the  commDn  doctrine  that  till  is  most  generally  of 
sab  glacial  origin  and  till  has  been  foand  in  considerable 
thickness  as  far  south  as  Mexico,  Falcon,  Warrenton,  Glasgow, 
Marshall  and  Saint  Joseph. 

(b)  The  occurrence  of  striae  upon  the  rocks  at  Saint 
Joseph,  Kansas  Oity  and  Lisbon  favor  this  view.  The  stria- 
tion  of  bowlders  with  some  probably  of  local  origin  points  in 
the  same  direction. 

( c)  The  present  position  of  the  bowldery  drift  is  an  uneven 
sheet  conforming  more  or  less  both  to  the  surface  of  the 
anderlying  rock  and  the  present  sarface.  This  is  more  common 
to  the  north  and  west.  Localities  in  the  east,  as  about  McOune 
and  Mexico,  frequently  present  an  even,  horizontal  surface  of 
this  deposit.  Oi  the  contrary  an  important  difficulty  appears, 
if  all  of  the  bowldery  drifc  or  even  all  the  till  is  referred  to 
such  conditions.  In  consideration  of  the  formations  of  the 
Missouri  river  gorge  immense  volames  of  water  have  been 
contemplated  as  draining  from  tbe  ice  sheet.  If  the  ice 
extended  to  the  extreme  limit  of  the  bowldery  drift  where  did 
this  flood  find  its  way?  From  the  topography  and  from  the 
fact  that  it  can  scarcely  be  conceived  to  have  flowed  over  the 
surface  without  leaving  its  lasting  effect,  at  least  by  the  deposi- 
tion of  stony  material,  it  cannot  be  supposed  that  it  lay  beyond 
the  drift  limit  as  it  has  been  given.  Tbis  consideration  com- 
pels the  conclusion  that  a  considerable  area,  now  covered  by 
the  bowldery  drift,  never  was  occupied  by  land  ice;  that  a 
fringe  of  indefinite  width  may  have  been  deposited  from  slug- 
gish streams  assisted  by  floating  ice.  The  occurrence  of  typical 
till,  it  is  not  difficult  to  conceive,  may  have  resulted  from  the 
stranding  of  ice  blocks  and  the  unloading  of  their  loads  of 
debris.  Tbis  supposition  harmonizes  with  the  fact  that  the 
drift  in  the  southeastern  portion  of  the  region  frequently 
shows  horizontal  surfaces.  This  also  might  explain  in  part  the 
formation  of  stride.    They  may  be  referred  to  river  ice  acting 
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at  later  epochs.  No  attempt  to  determine  the  width  of  the 
area  of  drift  so  deposited  has  been  made,  nor  need  it  be  sup- 
posed that  it  was  many  miles  in  width,  althoagh  there  is  noth- 
ing to  forbid  the  view  that  it  may  have  been  as  mach  as  50  or 
60,  or  in  some  places  100  miles  in  extent.  This  supposition 
leaves  the  question  more  or  less  open  as  to  the  age  of  the 
so-called  Kansan  formation  of  the  glacial  drift. 

(6)  An  explanation  of  the  High  Terrace  to  which  Be- 
longs the  Lower  Loess,  It  will  be  remembered  that  the  lower 
loess  rises  to  a  height  of  one  hundred  and  fifty  to  one  hundred 
and  seventy-five  feet  above  the  river.  It  manifests  itself  at 
Kansas  Oity  and  at  various  other  points  above  the  narrow 
gorge  at  Jamestown.  The  following  suggestions  are  offered 
for  consideration. 

(a)  It  may  have  been,  in  part  at  least,  the  result  of  the 
slight  elevation  in  Moniteau  and  Boone  counties. 

(b)  Possibly  the  gorge  at  that  point  may  have  become 
clogged  in  some  way  either  by  floating  ice  or  by  an  unusual 
transportation  of  sediment. 

(c)  There  may  have  been  an  unusual  flood,  possibly  con- 
temporaneoQS  with  the  receding  of  the  ice  sheet  from  the  first 
or  second  moraine.  This  would  have  had  a  tendency  to  in- 
crease the  volume  of  water  which  would  be  checked  by  the 
narrowness  of  the  gorge  and  as  an  effect  rapid  deposition  of 
sediment  would  occur.  This  may  have  been  assisted  by  an 
ice  jam  of  unusual  persistence. 

(d)  This  last  consideration  may  be  given  additional 
strength  from  the  fact  that  a  terrace  at  a  lower  level  is  trace- 
able in  the  lower  reaches  of  the  stream  which  seems,  like  this 
higher  terrace  above  the  gorge,  to  be  usually  due  to  deposi- 
tion of  material.  Beference  is  made  to  the  terrace  at  Jeffer- 
son Oity,  Washington,  Labadie  and  Saint  Oharles. 

That  it  was  the  work  mainly  of  a  vast  swollen  stream  re- 
ceives strong  corroboration  from  observations  on  the  great 
flood  of  1881,  as  reported  by  the  Mississippi  Kiver  Oommission.* 
"  A  very  marked  diminution  on  the  velocity  of  the  current  was 

•  Chief  Eng.  Ann.  Kept,  1881,  pp.  13-136,  1881. 
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noticed  dnriDg  the  period  of  overflow,  and  as  a  consequence  a 
decided  filling  ap  of  the  bed  of  the  atream."  '^From  Sioux  Oity 
to  a  point  below  Glasgow  the  valley  was  submerged,  essentially 
from  bluff  to  bluff.  Between  Sioux  Oity  and  Omaha,  between 
Plattsmonth  and  White  Olond,  and  between  Kansas  City  and 
Glasgow  where  the  valley  is  much  above  the  average  width 
the  overflow  was  not  very  deep."  *'  Near  Omaha,  from  Saint 
Joseph  to  Kansas  Oity  and  from  Glasgow  down,  the  valley  is 
narrow.  In  the  first  mentioned  portions  the  overflow  was 
deep  and  the  bed  proper  was  disregarded,  the  river  flowing 
down  the  center  of  the  valley.  Near  Glasgow,  the  same  was 
true  to  a  great  extent,  but  between  that  point  and  Oedar  Oity 
the  river  got  within  its  banks  and  from  there  down  there  was 
no  overflow  of  any  consequence  and  no  diversion  of  water 
from  the  bed  proper.  The  deposits  of  the  bottom  lands  were 
enormous  in  quantity  and  extent,  the  immediate  banks  being 
raised  for  long  distances  from  4  to  5  feet.  From  Omaha,  St. 
Joseph,  Kansas  Oity  and  Glasgow  reports  were  received  that 
after  the  river  got  out  of  its  banks  the  rate  of  rise  increased 
while  the  current  was  so  materially  slackened  in  the  course  of 
a  few  hours  that  skiffs  could  row  about  with  ease,  although 
before  the  river  left  its  banks  and  after  it  returned  to  them 
the  current  was  so  strong  that  even  steamboats  were  unable 
to  stem  it."  From  this  may  readily  be  seen  how  during  a  con- 
tinued flood  such  as  must  occur  in  a  rapid  recession  of  the  ice 
sheet  there  would  be  a  rapid  accumulation  of  material  such  as 
is  found  in  the  high  terrace  capped  with  the  lower  loess.  It 
is  also  seen  why  this  terrace  is  higher  above  Arrow  Bock. 

SUMMARY  OF  QUATERNARY  HISTORY  OF  MISSOURI. 

GLAOIAL   OBIGIN   OF  DRIFT  DBPOSTS. 

There  is  universal  agreement  among  those  who  have 
studied  quaternary  formations  that  the  crystalline  bowlders 
which  have  been  discussed  under  the  head  of  the  drift  are 
erratics,  which  were  originally  picked  up  from  their  native 
ledges  far  to  the  north  and  distributed  by  land  ice  forming 


SUBDIVISIONS   OF  GLAOIAL  HISTORY.  209 

glacial  sheets  covering  the  northern  pj,Tt  of  the  coantry.  Their 
known  origin  and  wide  distribution,  together  with  their  fre- 
quently striated  character  have  long  been  considered  demon- 
strations of  this  general  conclasion.  Again,  it  is  quite  gen- 
erally agreed  that  most  of  the  till  or  unstratified  bowldery 
clay  was  formed  underneath  the  ice  sheet.  The  fact  is  recog- 
nized, however,  that  very  similar  deposits  may  have  been 
formed  by  the  combination  of  floating  ice  and  still  water, 
wherever  the  bottom  was  uninfluenced  by  waves  or  currents. 
Chamberlain*  in  his  ^^Oenetic  Olassification  of  Drift  Deposits" 
admits  the  possibility  of  the  formation  of  what  he  as  else- 
where denominated  flow  or  berg  till.  Such  conditions  are 
usually  conceived  in  circumglacial  lakes  of  sufficient  depth 
to  distribute  freely  the  ice  blocks  from  the  front  of  the  gla- 
cier. It  seems  probable  also  that  a  similar  deposit  may  have 
been  formed  in  streams  in  quiet  waters  in  the  same  way. 

BPOOHS  OF  THE  GLAOIAL  PERIOD. 

During  the  past  fifteen  years  great  industry  in  collecting 
data  has  been  exercised  and  much  deep  study  has  been  spent 
upon  the  drift  deposits  of  the  United  States.  Quite  recently 
general  conclusions  as  regards  subdivisions  of  glacial  time 
have  been  presented  in  a  new  edition  of  the  Ice  Age  by  Giekie 
who  has  arranged  a  series  of  epochs  from  a  European  stand- 
point. Chamberlain  has  edited  the  chapter  in  this  volume  on 
the  American  drift  deposits.  From  an  abstractf  it  is  gleaned 
that  there  is  recognized  the  following  formations,  each  of  which 
represents  an  epoch  during  the  glacial  period. 

"The  Kansan  formation,  the  earliest  which  has  been  worked 
out  with  sufficient  definiteness  to  merit  recognition  in  the  United 
States,  is  an  expansion  of  the  drift  which  reaches  nearly  to  the 
junction  of  the  Ohio  and  the  Mississippi  rivers  and  northwest- 
erly beyond  the  Missouri  river.  To  this  is  given  the  name 
Kansan,  because  it  appears  in  the  state  of  Kansas  free  from 
complications  with  other  formations.    It  consists  essentially  of 

•Jouraal  Gaology,  vol.  ii,  p.  535,  1891. 
tibld..  vol.  Ill,  p.  270,  19'J5. 
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a  sheet  of  till  with  associated  assorted  drift.  Only  the  assorted 
material  which  was  essentially  contemporaneoos  with  the  till  is 
here  iDcladed,  that  which  overlies  bat  was  not  formed  at  the 
same  time  is  referred  to  the  succeeding  horizon." 

The  next  is  the  Afconian  formation  which  is  conceived  to 
have  been  formed  when  the  ice  sheet  withdrew  to  the  north 
to  an  indefinite  extent,  when  extensive  forest  growths  took 
place  in  eastern  Iowa. 

The  epoch  which  was  attended  with  an  advance  of  the 
ice  sheet  and  is  called  the  lowan  ^'embraces  an  extensive 
sheet  of  till  lying  upon  the  preceding  inter  glacial  deposit  and 
having  its  best  knov^n  expression  in  eastern  Iowa,  where  it 
has  been  most  carefully  worked  oat  by  McOee.  It  is  known 
to  have  considerable  extension  in  adjoining  states,  but  its 
fall  distribution  is  not  yet  ascertained.  It  is  intimately  asso- 
ciated with  the  most  important  of  the  loess  deposits.  In 
some  places  it  appears  to  graduate  at  its  edge  into  loess  which 
spreads  far  away  from  its  border.  In  another  place  it  seems 
to  pass  up  by  graduation  into  a  loess  mantle.  To  avoid  mis- 
understanding it  should  be  remarked  that  minor  deposits  of 
loess  are  associated  with  other  sheets  of  drift,  and  loess  is  not 
necessarily  characteristic  of  any  horizon.  The  close  associa- 
tion of  the  greatest  loess  deposit  with  the  lowan  formation  is, 
however,  significant  of  the  conditions  under  which  it  is 
formed." 

The  succeeding  or  Toronto  is  inter-glacial,  in  which  the 
important  series  of  fossiliferous  beds,  in  the  vincinity  of  To- 
ronto, Canada,  at  Scarborrough  heights,  was  formed. 

A  third  advance  of  the  ice  sheet  marks  the  beginning  of 
what  is  termed  the  Wisconsin  formation.  ^^Overlying  the 
inter-glacial  beds  above  the  lowan  deposits  comes  the  most 
extensive  of  the  American  till  sheets,  occupying  a  large  part 
of  the  territory  of  the  northern  states  and  very  large  sections 
of  Canada.  This  is  distinguished  by  series  of  gigantic  termi- 
nal moraines  stretching  across  the  country  in  an  undulatory 
fashion,  already  well  known  to  the  students  of  the  subject. 
There  are  at  least  two  divisions  of  the  moraine-bordered  tills 
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with  a  somewhat  notable  interval  between  the  two,  daring 
which  there  was  a  considerable  re-arrangement  of  the  frontage 
of  the  ice.  As  a  resalt  of  this,  some  of  the  later  moraines  run 
oat  large  angles  across  the  earlier  ones,  riding  over  them  in  a 
qaite  disregardfal  fashion." 

Of  the  latter  deposits  it  may  be  said  that ''  investigation  in 
American  has  gone  far  enoagh  to  make  it  certain  that  sabse- 
qaent  to  the  deposition  of  the  Wisconsin  formation  there  was 
a  somewhat  complex  series  of  features  before  the  ice  age 
entirely  passed  away." 

This  classification  has  commended  itself  even  to  those  who 
do  not,  like  its  author,  recognize  the  great  daration  of  the 
inter-glacial  intervals.  Upham,  *  who  holds  strongly  to  the 
general  unity  of  the  glacial  epoch  has  approved  of  the  classifica- 
tion and  has  some  what  extended  it. 

It  will  be  readily  seen  from  this  classification  that  the  Mis- 
soari  region  is  connected  only  with  the  so-called  Kansan  and 
lowan  stages.  While  readily  admitting  that  the  high  level  till 
and  northern  drift  deposits  are  representatives  of  the  earlier 
stage  it  still  remains  to  determine  the  method  of  their  deposi- 
tion. From  the  data  obtained  in  the  region  it  is  as  to  whether 
these  drift  deposits  were  the  direct  work  of  land  ice,  of  lakes 
or  of  rivers  attending  the  retreat  of  the  ice  to  some  point  far- 
ther north. 

SEQUENCE  OF  EVENTS- 

The  following  history  is  ofiPered  as  provisionally  only.  All 
that  is  claimed  for  it  is  that  it  is  an  interpretation  consistent 
with  itself  and  with  known  data.  The  incompleteness  of 
evidence  and  possibility  of  the  discovery  of  new  data  pointing 
to  different  conclusions  are  recognized.  The  existence  of  an  an- 
cient barrier,  the  maximum  extent  of  the  ice-sheet,  the  direction 
of  pre-glacial  drainage  and  of  the  recent  erosion  of  the  gorges 
of  the  Missouri  and  Mississippi  river,  are  questions  which  may 
not  be  considered  settled. 

The  most  probable  conception  is  that  the  glacial  epoch  was 
mainly  caused  by  an  elevation  of  northeastern  portions  of  the 

♦American  Geologist,  vol.  xvi,  p.  100,  WD5. 
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continent;  that  streams  were  at  that  time  rdnning  in  quite  dif- 
ferent directions  from  their  present  coarses.  If  Pliocene  eleva- 
tion was  slow,  streams  may  have  cat  deep  channels  which  have 
not  been  clearly  traced.  Here  everything  is  left  almost  purely 
to  conjecture.  The  Kansas  river  may  have  flowed  at  a  higher 
level  which  is  indicated  by  the  Weston  rapids,  and  it  may  be 
guessed  that  its  course  was  eastward  as  far  as  Chariton  county, 
then  possibly  northward  by  the  buried  channel  found  in  Linn 
and  Putnam  counties,  although  that  channel  may  not  be  deep 
enough.  All  that  is  now  known  is  that  there  were  deeper  chan- 
nels in  Iowa  whose  beds  are  lower  than  the  bottom  of  the 
present,  channel  of  the  Missouri  river  near  New  Frankfort 
Reference  is  made  to  the  Washington  channel  discovered  by 
Oalvin  *  and  further  discussed  by  Bain,  f  The  Lamine  and  its 
tributaries  may  have  flowed  north  and  joined  it.  The  Osage 
and  Gasconade  may  have  similarly  gone  northeast  into  the 
valley  of  the  Illinois,  the  former  by  way  of  the  valley  of  the  Aux- 
vasse  or  Big  Muddy  to  the  valley  of  Salt  river  and  northeast, 
passing  somewhere  near  Quincy,  the  latter  by  the  lower  course 
of  the  Missouri  river.  The  northeast  elevation  of  the  country 
may  not  have  been  rapid  enough  to  change  these  streams  and 
therefore  their  lower  courses  may  have  exhibited  examples  of 
the  so-called  antecedent  drainage.  It  may  be  considered  more 
likely  by  some  that  the  Kansas  river  flowed  past  Moberly  and 
joined  the  Osage,  or  that  all  these  streams  may  have  had  nearly 
their  present  courses  to  the  present  junction  of  the  Osage  and 
Missouri.  The  wide  deposition  of  the  basal  or  preglacial  clay 
in  Eandolph  and  Marion  counties  may  be  looked  upon  as  evi- 
dence that  the  streams  of  the  region  were  sluggish.  This, 
possibly,  may  have  been  one  result  of  the  progressive  difiPeren- 
tial  elevation  toward  the  northeast. 

A  loDg  time  elapsed  of  which  there  is  no  clear  record. 
DuriDg  this  time  it  is  learned  from  other  sources  that  the  ice 
was  accomulating  in  the  northeast  and  with  increasing  strength 
it  marched  slowly  southward.    As  the  waters   from  the  ice 

•American  Geologist,  vol.  i,  pp.  28  81,  1888. 
tProc.  Iowa  Acad.  Scl.,  vol.  ii,  pp.  23-26,  18U5. 
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sheet  increased,  the  volame  of  streams  expanded  and  more  and 
more  northern  erratics  doabtless  foand  their  way  far  south- 
ward. As  the  channels  became  filled  streams  flowing  north- 
ward became  dammed  by  accumulating  debris  or  advancing 
ice.  The  increase  of  flowing  waters  doubtless  rearranged  more 
vigorously  the  former  deeply  accumulated  beds  of  residuary 
clays  and  chert  bowlders. 

Kansan  Epoch,  The  ice  sheet  finally  entered  the  present 
limits  of  the  state  of  Missouri  for  a  considerable  distance, 
probably,  from  the  direction  of  the  Des  Moines  valley,  and  the 
line  of  pre-glacial  channels  before  referred  to,  they  may  have 
had  some  directing  influence  on  its  advance.  Possibly,  also, 
though  not  probably,  a  slender  lobe  of  ice  may  have  descended 
the  Missouri  river  into  the  region.  Thick  deposits  of  till  were 
formed  along  the  divide  in  Schuyler  and  Macon  counties  and 
on  the  west  in  Daviess,  DeKalb  and  Gentry  counties.  There 
was  also  a  free  distribution  of  erratics  on  all  upland  levels  for 
a  considerable  distance  beyond  the  edge  of  the  ice  sheet.  The 
latter  is  believed  to  have  been  comparatively  thin  and  less 
vigorous  in  its  action  than  at  later  times.  Probably  the  ice 
sheet  during  the  Kansan  epoch  may  have  extended  as  far  south 
as  Olinton,  Oarroll  and  Eandolph  counties. 

At  this  time  Illinois  was  occupied  by  ice  as  far  south  as 
Oentralia  and  the  valley  of  the  Illinois  was  blocked  as  far 
south,  perhaps,  as  its  present  mouth.  The  ice  sheet  in  south- 
ern Illinois  moved  upon  the  lower  plain  and  distributed  its 
waters  and  fringe  of  erratics  with  reference  to  the  Mississippi 
river  in  a  way  very  similar  to  the  action  of  the  ice  sheet  in 
Missouri  with  reference  to  the  Missouri  river.  The  deposition 
of  narrow  bowldery  deposits  in  Saint  Louis  county  are  to  be 
referred  to  the  Illinois  ice  sheet. 

Aftonian  Epoch.  During  this  time  the  ice  sheet  had  for 
some  cause  receded  to  an  indefinite  distance  northward.  It 
was  a  period  of  erosion,  which  was,  however,  not  violent  be- 
cause of  the  gentle  slope  of  the  surface.  The  northern  and 
northwestern  portions  of  the  state  seem  to  have  been  more 
eroded  than  the  south  and  eastern  parts.    The  present  evi- 


214  QUATBBNABY  DBP08ITS. 

denoes  of  this  epoch  are  slight  so  far  as  is  known  in  Missouri. 
In  fact  its  existence  woald  probably  not  have  been  suspected 
were  it  not  for  reported  forest  beds  and  other  marks  of  its 
existence  in  Iowa  and  other  states.  Probably  the  deepening 
of  the  red  color  of  the  apper  portions  of  the  till  in  some  por- 
tions of  the  state  may  be  attributed  to  this  epoch.  Moreover, 
if  the  postulating  of  this  epoch  is  correct  it  would  be  expected 
that  there  would  be  found  in  the  northern  portions  of  the 
arena,  which  has  not  been  fully  examined,  more  or  less  trace 
of  vegetable  accumulations  and  old  soils. 

lowan  Epoch.  In  this  stage  the  ice  is  believed  to  have 
advanced  again  into  the  northern  border  of  Missouri  thoagh 
probably  to  a  less  distance  than  in  the  preceding  age.  The 
streams  from  the  west  flowed  and  deposited  silt  and  clay  over 
all  the  region  north  of  the  margin  of  the  loess,  as  has  been 
indicated.  The  material  continued  to  be  deposited  until  the 
loess  reached  a  depth  of  forty  or  fifty  feet.  It  is  supposed 
that  the  surface  at  that  time  sloped  gently  to  the  south  and 
east.  The  surface  doubtless  had  a  general  level,  though  some- 
what undulating  like  the  plains  of  the  lower  Mississippi  or  of 
eastern  Ohina  at  the  present  time.  The  accumulation  was 
doubtless  rapid  and  little  chance  for  the  growth  of  vegetation 
was  afforded,  although  the  thin  deposit  of  carbonaceous  matter 
in  Carroll  and  Audrain  counties  may  be  considered  evidences 
that  the  plain  was  not  utterly  barren. 

Eventually  the  whole  region  was  filled  up  until  it  exceeded 
in  height  the  lower  portions  of  the  ridge  separating  the  Osage 
and  the  Gasconade.  This  may  have  been  in  part  due  to  the 
depth  of  the  accumulations,  although  very  likely  the  intinences 
which  produced  the  final  shifting  of  the  main  stream  to  the 
south  edge  of  the  plain  and  eventually  the  overflow  into  the 
valley  of  the  Gasconade  was  due  to  a  gradual  rise  of  the  region 
northward,  which  may  have  followed  as  a  result  of  the  unload- 
ing of  the  earth's  crust  by  the  melting  of  the  ice  sheet.  At 
same  time  or  possibly  sooner  the  upper  Mississippi  with  other 
western  tributaries  of  the  Illinois  had  also  silted  up  its  valley 
and  overflowed  down  its  present  course  below  Qnincy,  proba- 
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bly  through  the  former  Talley  of  a  tributary  of  the  IlliDois 
aloDg  that  line.  At  some  time  in  the  same  epooh  the  increased 
erosion  of  the  valley  of  the  present  Mississippi  in  Pike  and 
Lincoln  counties  may  have  weakened  and  gradually  broken 
the  ridge  which  is  regarded  as  having  existed  in  that  vicinity. 
The  valley  of  the  Grand  river  also  may  have  been  located  and 
its  excavation  began  during  the  lowan  stage.  It  seems  to 
have  the  position  and  form  ot  a  valley  draining  the  margin  of 
an  ice  lobe.  The  courses  of  the  present  streams  were  mani- 
festly settled  during  the  later  portion  of  the  epoch. 

Toronto  Epoch.  This  was  a  period  of  recession  of  the  ice 
sheet  from  the  maximum  lowan  stage  to  an  indefinite  distance 
inside  of  the  great  terminal  moraine  which  marks  the  Wiscon* 
sin  stage.  As  to  the  length  of  time  there  are  no  means  of 
determining,  but  it  was  certainly  a  period  of  swollen  streams 
and  rapid  erosion.  The  erosion  of  the  Missouri  as  estimated 
went  on  at  its  greatest  rapidity ;  nor  was  that  of  the  Missis* 
sippi  much  less  rapid.  In  both  cases  the  conditions  of  steep 
slope,  copious  waters  and  abundant  hard  erratics  were  at  their 
maximum  efficiency.  It  is  not  improbable  that  the  Missouri 
region  was  clothed  with  vegetation.  Most  streams  of  the 
present  had  begun  their  work  and  valleys  were  rapidly  being 
lowered  and  ravines  pushed  backward.  The  inequalities  of  the 
loess  plain  probably  date  their  initiation  and  principal  excava- 
tion to  this  time.  This  work  was  also  accelerated  along  the 
tributaries  of  the  Missouri  outside  of  the  region  specially 
under  consideration. 

It  is  the  supposition  that  the  lower  Gasconade  and  the 
Mississippi  below  the  present  mouth  of  the  Illinois  were  at  a 
considerable  lower  level  than  the  streams  of  the  northwest  but 
not  excavated  to  the  depth  shown  at  the  present  time.  This 
period  of  erosion  deepened  the  whole  valley  of  the  Mississippi. 
The  excavation  of  the  deep  gorge  at  Saint  Charles  possibly  to 
a  depth  greater  than  has  been  distinctly  shown,  probably  dates 
from  this  epoch.  This  was  a  period  of  great  transportation  in 
the  region,  great  streams  carrying  all  the  material  excavated  in 
the  state  into  the  great  estuary  of  the  Mississippi. 
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Wisconsin  Epoch.  Id  Missoari  this  period  is  marked  only 
by  the  deeper  erosion  of  the  river  valleys.  It  was  merely  a 
continnation  of  what  has  just  been  described,  the  volume  of 
water  possibly  diminishing  somewhat  on  account  of  the  con- 
tracted area  of  the  ice  sheet.  At  this  time  the  channels  are 
believed  to  have  been  excavated  to  the  deepest  point  now  ap- 
pearing in  the  high  terrace  which  has  been  recognized. 

It  wonld  seem  proper  that  to  refer  here  to  the  unasnal 
amount  of  sand  which  occupies  the  lower  portion  of  the  ter- 
race in  Saline  county  and  the  apparent  greater  depth  of  the 
valley  in  that  region.  This  may  be  due  to  the  general  law  that 
softer  strata  are  more  deeply  as  well  as  more  widely  corraded 
by  the  cutting  streams  than  the  harder  rocks.  The  lower 
Oarboniferoas  formations  between  Wavely  and  Glasgow  are 
more  or  less  arenaceous.  This,  in  part,  is  due  to  the  old  Car- 
boniferous river  which  flowed  by  Warrensburg  and  Higgins- 
ville  and  whose  deposit  still  appear  in  soathern  Carroll  coanty. 
Such  a  supposition  would  help  to  explain  not  only  the  point 
just  mentioned  but  also  the  greater  breadth  of  the  valley  both 
of  the  Missouri  and  the  Grand  rivers  in  Carroll  and  Chariton 
counties.  During  the  latter  part  of  the  Wisconsin  epoch,  at 
the  time  of  the  beginning  of  recession  from  the  occupation  of 
the  outer  or  Altamont  moraine  another  great  increase  in 
volume  of  the  streams  was  supplied  from  the  Ice  sheet.  At 
the  same  time  the  uncovering  of  the  englacial  drift  wonld 
contribate  great  quantities  of  fine  as  well  as  coarse  material 
to  be  transported  by  the  flood.  As  we  have  already  suggested 
this  may  account  for  the  formation  of  the  high  drift  terrace 
and  disposition  of  the  lower  loess,  as  it  has  been  termed.  It 
will  be  noticed  that  the  terrace  is  particolarly  prominent  above 
the  gorge  at  Jamestown.  An  unusaal  flood  would  tend  to  turn 
the  broader  portions  of  the  river  valley  into  a  lake  in  which 
the  transported  material  would  be  rapidly  deposited  because 
of  the  reduced  velocity.  The  coarse  material  in  the  base  of 
this  terrace  would  be  derived  in  part  from  the  transportation 
of  the  stream  and  in  part  from  the  wash  from  local  tributaries. 
The  lower  loess  wonld  mark  the  declining  stage  of  this  flood. 
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The  lower  terrace  at  Washington,  Labadie  and  Saint  Charles 
has  the  lower  altitude  and  general  absence  of  coarse  material 
explained  on  the  same  hypothesis. 

Later  Stages.  From  the  stady  of  glacial  deposits  in  Min- 
nesota and  Oanada  it  is  learned  that  similar  advances  and  re- 
cessions of  the  ice  sheet  took  place  on  a  smallar  scale,  as  the 
ice  sheet  gradually  retired  to  the  north.  It  would  cease  to  in- 
flaence  the  Missouri  valley  after  it  had  retired  from  the  south- 
ern  boundary  of  South  Dakota.  From  the  time  of  the  Wis- 
consin stage  to  that  point  two  small  moraines  were  formed 
which  doubtless  so  contributed  to  the  action  of  the  Missouri 
that  its  valley  was  farther  deepened,  and  it  may  be  supposed 
that  its  present  slope  in  the  state  was  well  nigh  perfected  at 
that  time.  The  bottom  of  the  stream  first  attained  its  normal 
slope.  With  the  increased  volume  at  that  time  its  lower 
periphyry  may  have  largely  been  in  contact  with  the  bedrock 
of  the  channel  but  when  the  supplies  of  water  from  the  ice  de- 
clined its  velocity  would  be  diminished  and  this  channel  be 
largely  filled  with  sand  and  gravel  as  it  is  now  found. 

Formation  of  Tete-Saw  Plain.  This  exceptional  terrace 
may  be  the  result  of  the  repetition,  on  a  small  scale,  of  the 
deposition  of  the  lower  loess  and  the  formation  of  a  high  ter- 
race in  this  way:  There  is  a  prominent  moraine,  similar  to  the 
one  formed  from  the  Wisconsin  stage,  within  it  several  miles 
marking  the  latter  epoch.  As  the  ice  receded  from  the  second 
moraine  there  would  have  been  a  damming  of  the  Missouri  at 
the  narrows  opposite  Miami  which  occasioned  the  deposition 
of  the  abundant  sand  of  the  vicinity  as  well  as  from  the  glaciers 
north  and  the  covering  of  it  with  silt  as  in  the  preceding  case. 
That  this  is  not  fully  satisfactory  would  appear  from  the  fact 
that  so  far  as  is  known  no  similar  cases  have  been  found  in 
narrows  above. 

With  this  gradual  declining  of  the  forces  of  ice  and  flood 
the  region  has  put  on  the  temperate  and  genial  aspect  which 
prepares  it  so  admirably  for  the  abode  of  man  and  the  won- 
derful occupations  of  modern  civilization. 
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Iq  the  preparation  of  a  bibliography  of  the  literature  re- 
lating to  Missouri  Geology  the  aim  has  been  to  embrace  only 
those  pablications  which  are  strictly  geological  in  their  charac- 
ter.  As  to  exactly  what  shoald  be  incladed  and  what  not  has 
not  always  been  easy  to  decide  ;  and  conseqaently  the  criteria 
determining  the  selections  of  the  titles  that  shoald  properly  be 
incladed  do  not  always  at  first  glance  appear  to  be  the  same. 
The  governing  factor  in  all,  however,  has  been  the  originality 
of  the  paper  or  work  ;  and  many  have  been  omitted  for  the 
reason  that  they  in  no  way  have  contribated  anything  to  a 
knowledge  of  the  sabject.  Oonseqnently  a  large  nnmber  of 
titles  which  might  ordinarily  be  expected  will  not  be  fonnd  ; 
while  ihose  pertaining  to  methods  of  mining  and  technical  de- 
tails properly  come  under  another  head. 

In  the  bulletins  of  the  Missouri  Geological  Survey,  a  series 
established,  as  stated  in  the  various  numbers,  for  the  purpose 
of  making  public  matter  of  temporary  value  or  in  advance  of 
the  final  reports,  and  hence  regarded  as  essentially  provisional 
publications,  a  list  of  references  to  the  geology  of  the  state  was 
prepared  by  Mr.  F.  A.  Sampson.  It  contained  as  far  as  known 
up  to  the  time  of  its  appearance  (1890)  titles  of  papers  of  all 
kinds  in  any  way  related  to  the  subject.  While  the  present 
bibliography  maty  be  regarded  as  based  on  the  former  one  its 
scope  is  very  difiPerent.  Over  one-half  of  the  titles  appearing 
in  the  preliminary  bulletin  have  been  eliminated,  and  nearly  as 
many  more  which  were  not  mentioned  are  included.  Moreover^ 
the  arrangemnet  has  been  very  radically  changed  so  as  to  be 
primarially  adapted  not  only  to  the  needs  of  the  working 
geologist  but  of  the  general  public  as  well. 
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In  the  consideration  of  the  literatare  of  a  sabject  the  bib- 
liographic matter  may  be  arranged  into  foar  principal 
categories:  (a)  that  which  is  strictly  geological  in  its  charac- 
ter; (b)  that  which  is  only  incidental  to  geologic  work;  (c) 
that  which  is  largely  secondary  in  its  natnre,  that  is,  torming 
important  announcements  of  discoveries  or  partaking  of  the 
character  of  criticisms,  notices,  or  reviews  of  work  already 
done;  and  (d)  that  which  is  largely  compiled  from  original 
sonrces  with  no  additions  of  results  of  new  investigations. 
References  belonging  to  these  four  classes  have  received  very 
different  treatment,  according  to  the  importance  of  their  bear- 
ing upon  the  subject. 

Those  of  the  first  class  comprise  almost  the  entire  list  of 
references  made.  The  more  important  titles  of  the  second 
category  have  been  included.  The  third  and  fourth  classes 
have  been  omitted  altogether. 

The  plan  of  the  bibliography  is  essentially  that  of  a  dic- 
tionary catalogue,  or  bibliographical  index.    There  are  : 

(1)  An  authors'  list,  in  which  is  given  the  fnll  title,  vol- 
ume, pages,  and  illustrations  of  the  book  or  serial  in  which 
each  article  appeared,  place  and  date  of  publication.  This  is 
followed  by  a  very  brief  synopsis  of  the  contents  of  each  arti- 
cle. 

(2)  A  title  index,  in  which  the  name  of  each  article  ap- 
pears under  each  of  its  leading  words.  Then  comes  the  name 
of  the  author  and  an  abbreviated  reference  to  its  place  of 
appearance. 

( 3 )  Subject  entries  and  cross-references.  These  embrace, 
under  each  topic,  all  references  to  any  particular  subject,  as  to 
each  county,  geological  formation,  zoological  group,  special 
subject,  etc.;  also  those  writings  referring  to  the  state  in  gen- 
eral. The  names  of  authors,  and  abbreviated  references  to 
place  and  time  of  publication  are  given  in  all  cases.  When- 
ever additional  iuformation  is  wanted,  reference  can  be  made 
directly  to  the  name  of  the  author. 

One  of  the  principal  advantages  in  the  present  scheme  is 
that  in  no  case  is  it  necessary  to  turn  back  from  title  to  title  in 
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order  to  obtain  a  fall  bibliographic  reference.  A  worker  upon 
any  systematic  group  of  animals,  a  particular  geological  age, 
or  a  given  area  finds  all  the  articles  upon  the  subject  brought 
together. 

In  glancing  over  the  titles  herein  enumerated,  the  ma- 
jority of  people  will  probably  be  impressed  at  once  with  the 
large  number  of  references,  and  with  the  apparently  extensive 
literature  pertaining  to  the  geology  of  Missouri.  More  care- 
ful perusal,  however,  will  doubtless  bring  out  the  striking  fact 
that  with  few  exceptions  the  publications  are  purely  scientific 
in  character.  The  reason  for  this  is  not  far  to  seek.  For  a 
long  period  of  years  scientific  work  in  the  state  has  received 
little  or  no  public  aid  or  encouragement.  Whatever  work  has 
been  carried  on  has  been  done  at  private  expense  by  scientific 
men  who  have  received  no  financial  compensation  for  either  the 
time  nor  the  money  expended  in  prosecuting  their  researches. 
Thus,  only  the  purely  scientific  results  were  placed  before  the 
world,  while  all  the  information  of  economic  importance  in  the 
various  lines  of  investigation  was  unable  to  be  directed  through 
those  channels  most  likely  to  reach  the  people  of  the  state.  This 
information  has,  therefore,  been  largely  forgotten  or  put  away  in 
places  now  almost  entirely  inaccessible  to  the  public.  Never- 
theless, the  scientific  work,  done  so  generously  by  persons 
having  no  hope  of  financial  reward  or  public  aid  has  placed 
the  economical  investigation  of  Missouri's  natural  resources 
upon  a  firmer  basis  than  could  possibly  have  been  done  other- 
wise without  years  of  special  labor. 

Not  the  least  noticeable  consideration  connected  with  the 
bibliographical  index  is  the  fact  that  the  literature  is  so  widely 
scattered,  and  now  largely  inaccessible  to  the  people  of  the 
state.  Of  the  earlier  reports  the  last  was  issued  nearly  a  quar- 
ter of  a  century  ago.  The  copies  were  rather  sparingly  dis- 
tributed, and  during  the  period  which  has  elapsed  since  their 
publication  most  of  them  have  been  lost,  destroyed,  nor  passed 
beyond  the  boundaries  of  the  state.  In  the  meantime  the 
population  has  largely  increased,  so  tbat  even  if  the  reports 
were  all  at  hand  the  supply  would  be  inadequate  to  meet  all 
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of  the  demands  for  information  of  this  character,  A  goodly 
namber  of  articles  have  appeared  in  the  pablioations  of  the 
learned  societies,  and  have  had  a  limited  distribntion,  a  con- 
siderable share  of  which  has  been  foreign.  Many  of  the  papers 
referring  to  the  geological  phenomena  as  presented  in  the  state 
are  found  in  the  reports  of  other  states ;  still  others  are  scat- 
tered ftir  and  wide  through  various  journals  and  serials,  both 
in  English  and  foreign  languages ;  besides  there  are  many  short 
articles,  and  more  or  less  lengthy  allusions  included  in  the  long^ 
list  of  publications  printed  by  the  Federal  government.  A 
large  majority  of  these  are  wholly  unknown  to  the  people  m 
general  who,  consequently,  know  not  even  where  to  look  for 
the  information  desired. 

The  cross-references  are  arranged  under  three  heads :  ( 1 ) 
ordinal,  or  according  to  the  chief  groups,  (2)  geological,  and 
(3)  geographical.  A  list  of  the  principal  subjects  is  given  be- 
low. 

LIST  OF  SUBJECTS. 

Ordinal: 

All  principal  mineral  groups. 
All  leading  zoological  groups. 
All  chief  structural  groups. 

Oeological : 
Arcba^n. 
Algonkian. 
Cambrian. 
Silurian. 
Devonian. 
Carboniferous. 
Cretaceous. 
Eocene. 
Neocene. 
Pleistocene. 

Oeographical : 

Missouri  ( general) . 
All  counties  in  the  state. 
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Abbot,  H.  L.,  A.  A.  Hamphreys  and.  Report  upon  physics  and 
hydraalics  of  Mississippi  river.  (Professional  Papers, 
Corps  Top.  Bng.,  U.  S.  Army,  No.  13, 691  pp.,  Washington, 
1876.)  Numeroas  notes  are  given  on  the  geological  fea- 
tures contigaoas  to  the  stream. 

Abstract  of  '^  Description  of  bones  of  fossil  animal  of  order 
Edentata."  B.  Harlan.  ( Proc.  American  Philos.  Soc,  ii^ 
10911 2,  1862.) 

Abstract  of  introduction  to  final  report  on  geological  surveys 
made  in  Wisconsin,  Iowa  and  Minnesota.  D.  D.  Owen» 
(Proc.  Am.  As.  Adv.  Sci.,  v,  119-132,  1851.) 

Abstract  of  ''  Review  of  some  points  in  Dr.  B.  F.  Shamard'd 
report  on  geology  of  Ste.  Genevieve  connty.  Mo.,"  A.  H, 
Worthen.    (Trans.  St.  Louis  Acad.  Sci.,  i,  696-698,  1860.) 

Account  of  expedition  from  Pittsburg  to  Rocky  monntains, 
performed  in  years    1819  and  1820.     S.  H.   Long.    (Two 

vols.,  PLiladelpbia,  1823.) 
Adair  County. 

Barite  crystals  from  Last  Chance  mine,  Morgan  connty, 

Missouri ;  and  goethite  from  Adair  county,  Missouri. 

G.   G.   Broadhead.    (Am.  Jour.  Sci.,  (2),  xiii,  419- 

420,  1877.) 
Goal  beds.     A.  Winslow.    (Missouri   Geol.   Sur.,  i,  59-60, 

1891.) 
Dictionary  of  altitudes.     G.  F.  Marbnt.    (Missonri   Geol. 

Bur.,  viii,  225-316,  1895.) 
Formation   of  quaternary  deposits.    J.   E.  Todd.    (Mis- 
souri Geol.  Sur.,  X,  111-217,  1896.) 
Geological  description.  G.  G.  Broadhead.  (Missonri  Geol. 

Sur.,  I,  240266,  1874.) 
Adams,  W.  A.  Foot-marks  and  other  artiticial  impressions  on 

rocks.     (Am.  Jour.  Sci.,  (I),  vol.  XLiv,  pp.  200-203,  1843.) 
Additions  to  mineralogy  of  Missouri,  recent.  H.  A.  Wheeler. 
(Trans,  St.  Louis  Acad.  Sci.,  vri,  126-131,  1895.) 

O— 15 
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Administrative  report.    A.  Winslow.    (\ii88oari  Geol.  Sur., 

Ball.  No.  1,  113,  1890.) 
Age  and  origin  of  crystalline  rocks  of  Missonri.     E.  Haworth. 

(Missoari  Geol.  Bar ,  Ball.  5,  pp.  II  42,  1891.) 
Age  of  Kansas.     B.  B.  Smjth.    (Trans.  Kansas  Acad.  Sci.,  ix, 

129  136,  1884.) 
Age  of  oar  porphyries.    G.  C.  Broadhead.    (Trans.  Acad.  Sci. 

St.  Loais,  III,  36S  371,  1876  ) 
Algonkian. 

Correlation  papers,  arcfaieiu  and  algonkian.    C.  R.  Van 

Hise.    (  U.  S.  Geol.  Snr.,  Bali.  86,  261-266,  1892.) 
Genesis  of  oar  iron  ores.    J.  S.  Newberry.    ( Eog.  and 

Min.  Jonr.,  xxxr,  286-287  and  298-300,  1881.) 
Geogiaphic  relations  of  granites  and  porphyries  in  eastern 
part  of   Ozarks.    C.   R.  Keyes.     ( Ball.   Geol.   Soc. 
America,  vii,  363-376,  1896 ) 
Iron  moantain  sheet.     A.  Winslow.    ( Missoari  Geol.  Bar., 

Sheet  Report  No.  3,  97  pp.,  1894.) 
Origin  of  crystalline  iron  ores.     A.  A.  Jalien.    (Bng.  and 

Min.  Jour.,  xxxv,  207-208,  1883.) 
Paleontology  of  Missoari.    C.  R.  Keyes.    (  Missoari  Geol. 
Sar.,  lY,  31,  1894.)     In    introdnctory    stratigraphical 
sketch  are  notes  on  the  formations. 
Relations  of  granite  and  porphyry  areas  in  southeastern 
Missoari.     0.  R.  Keyes.    (Journal  Geology,  iv,  376- 
377,  1896.) 
Altitudes   in   Missouri,  revised.     C.   R.   Keyes.    ( Eng.  and 

Min.  Jour.,  lx,  46,  1895.) 
Altitudes  in  United  States.     H.  Gannett.    (  U.  S.  Geol.  Sur., 

Bull.  5,  325  pp.,  1884.) 
Altitudes  in  United  States,  dictionary.     11.  Gannett.     (  U.   S. 

Geol.  Sur.,  Bull.  76,  273  pp.,  1891.) 
Altitudes  of  Missouri,  dictionary.     C.  F.  Marbut.     (  Missouri 

Geol.  Sur.,  viii,  226-'316,  1895.) 
American  coals  applicable  to  steam  nnvigation  and  other  pur- 
poses.    W.  R.Johnson.    (Twenlyeighth  Cong.,  1st.  Sess,, 
Sen.  Doc.  No.  436,  539,  1844.) 
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American  gQology^on  some  points.    T.  S.  Haat.     (A.m.  Jour. 

ScL,  (2),  XXXI,  392  413,  1861.) 
American  meteorites.     Q.  F.  Kunz.  (Am.  Joar.  Scl,  (3),  xxxiv, 

467-478,  1887.) 
American  paleozoic  bryozoa.    B.  O.  Ulrich.    (Joar.  Cincinnati 

SocNat.  Hist.,vii,  2446,  1881) 
Analyses,  miscellaneons.    F.  W.  Clarke.    (U.  8.   Geol.  Sur. , 

Ba]1.90,6i-61,  1892.) 
Analyses,  miscellaneons.    L.  G.  Eiikins.    (U.    S.  Oeol.  Bnr., 

Bull.  78,  125,  1891.) 
Analyses  of  mineral  springs  of  United  States.    A.  C.  Peale. 

(U.  S.  Geol.  Sur.,  Bull.  32,  164-170,  1886.) 
Analyses  of  fuels,  iron  ores  and  pig  iron.     B.  Cbaavenet  and 

A.  A.  Blair.    (Missouri  Geol.  Sur.,  Iron  Ores  and  Coal 

Fields,  31-49,  1873.) 
Analysis,  methods  of,  pursued  in  determination   of  minnte 

quantities  of  metals  in  crystalline  and  clastic  rocks.    J.  D. 

Robertson.    (Missouri  Geol.  Sur.,  vii,  740-742,  1891.) 
Analysis  of  magnetite  from  Iron  mountain  and  Pilot  knob, 

Missouri.    E.  Harrison.    (Proc.   Boston  Soc.  Nat.  Hist., 

VI,  295,  1867.) 
Analysis  of  mine  water  from  the  lead  region  of  southwest  Mis- 
souri.   C.  P.  Williams.  (Trans.  Am.  Chemical  Soc,  i,  179, 

1877.) 
Andrew  County. 

Coal  beds.     A.  Winslow.     ( Missouri  Geol.  Bur.,  i,  102, 

1891.) 
Dictionary  of  altitudes.    C.  F.  Marbut.    (Missouri  Geol. 

Sur.,  Till,  225-316,  1896.) 
Formation  of  quaternary  deposits.   J.  E.  Todd.    (  Missouri 

Geol.  Sur.,  x,  143-144,  1896.) 
Geological  description.    G.  C.  Broadhead.    (  Missouri  Geol. 

Sur.,  I,  303-511,  1874.) 
Andrews,  E.    Dr.  Koch  and  the  Missouri    mastodon.    (Am. 

Jour.  Sci.,  (3),  vol.  X,  pp.  32-31,  1875.) 
Annual  report  of  state  geologist  for  1891.    C.  R.  Keyes.    ( Mis- 
souri Geol.  Sur.,  viu,  406  pp.,  1895.) 
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Annual  report  of  state  geologist  of  state  of  liiissoari.  A.  D» 
Hagar.  (Twenty-sixth  Gen.  Assem.,  Reg.  Sess.,  App.^ 
21-43,  1871.) 

Anonymous.  "Antiqaity  of  man  in  North  America,"  by  Fos- 
ter. (American  Nataralist,  vol.  iv.,  pp.  40-41,  1870.)  In 
the  notice  is  given  an  account  of  the  statements  of  Dr» 
Koch  in  regard  to  finding  flint  implements  with  the  masto- 
don remains  in  Missonri. 

Anonymous.  Belcher's  artesian  well  in  St.  Louis.  (Ana » 
Jour.  Sci.,  (2),  vol.  xv,  pp.  460-463,  1853.) 

Anonymous.  Mammoth  ( mastodon  ?)  (Am.  Jour.  Sci.,  (  1)^ 
vol.  XXXVI,  pp.  198-201,  1839.) 

Anonymous.  Mastodon  giganteus.  (Am.  Jour.  Sci.,  (2)^ 
vol.  II,  pp.  131-134,  1846.)  Contains  a  cut  of  the  Eoch 
mastodon  from  Missouri,  now  in  the  British  museum. 

Anonymous.  Remains  of  quaternary  peccary,  Platygonus 
compressus.  (Am.  Jour.  Sci.,  (3),  vol.  xxxix,  p.  322, 
1890.)  Benton  county  is  givcrn  as  one  of  the  localities 
where  the  fossil  has  been  found. 

Anthracite,  origin.  C.  B.  Eeyes.  (American  Geologist,  xiii^ 
411-415,  1894) 

**  Antiquity  of  man  in  North  America,"  Foster.  Anon. 
(American  Naturalist,  iv,  40-41,  1870.) 

Appendix  [to  annual  reports.]  G.  G.  Swallow.  (Missouri 
Geol.  Sur.,  Ist  and  2nd   Ann.  Repts,   pt.  ii,  209-259,  1866.) 

Archaean. 

Age    and   origin    of    crystalline  rocks   of    Missouri.     E. 

Haworth.    ( Missouri  Geol.  Sur.,  Bull.  5,  pp.  11-42, 

1891.) 
Age  of  our  porphyries.     G.  C.  Broadhead.     (Trans.  Acad. 

Sci.  St.  Louis,  111,  366-371,  1876.) 
Age  porphyry  hills  of  southeast  Missouri.     E.  Harrison. 

(Trans.  Acad.  Sci.  St.  Louis,  ii,  504,  1866.) 
Analysis  of  magnetite  from  Iron  mountain  and  Pilot  knob, 

Missouri.     E.    Harrison.    ( Proc.    Boston    Soc.   Nat* 

Hist.,  VI,  295,  1857.) 
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Archaean  continued — 

ADDual  report  of  state  geologist  for  1894.     0.  B.  Eeyes. 

(Missoari  Geol.  Bar.,  viii,  406  pp.,  1895.) 
ArchseaD  rocks  of  Missonri.     G.  0.  Broadhead.    ( Kansas 

City  Bev.  Sci.  and  Ind.,  v,  733,  1882.) 
Azoic    system    and    its    proposed    subdivisions.    J.   D. 

Whitney  and   M.  B.  Wadsworth.    (  Bull.  Mus.  Oomp. 

Zool.,  VII,  482,  1884.) 
Obaracteristics  of  Ozark  mountains.    0.  B.  Keyes.    (  Mis- 
souri Geol.  Sur.,  viii,  317-352,  1895.) 
Contribution  to  arcbsean  geology  of  Missouri.    E.  Haworth. 

(  American  Geologist,  i,  280-297  and  363-382, 1888.) 
Contribution  to  archsean  geology  of  Missouri.    E.  Haworth. 

(Johns  Hopkins  Univ.  Circulars,  viii,  71-72, 1888.) 
Correlation  papers,  arobsean  and  algonkian.     C.  B.  Van 

Hise.    (  U.  S.  Geol.  Sur.,  Bull.  86,  261-265,  1892.) 
Crystalline   rocks  of  Missouri.    E.  Haworth.    ( Missouri 

Geol.  Sur.,  viil,  81-224,  1895.) 
Crystalline  rocks  of  Missouri.    E.  Haworth.    ( Proc.  Iowa 

Acad.  Sci.,  i,  pt.  i,  66-68,  1890.) 
First  and  second  annual  reports  of  geological  survey  of 

Missouri.      G.   C.   Swallow.      ( Missouri    Geol.  Sur., 

450  pp.,  1855.) 
General  geology  of  Missouri  crystalline  area.    C.  B.  Keyes. 

( Missouri  Geol.  Sur.,  viii,  84-101, 1895.) 
Genesis  of  ores  of  iron.    J.  »S.  Newberry,    (  Columbia 

School  of  Mines  Quart.,  i,  87-104, 1880.) 
Geographic  relations  of  granites  and  porphyries  in  eastern 

part   of  Ozarks.     C.  B.  Keyes.     ( Bull.   Geol.   Soc. 

America,  vii,  363-376,  1896 ) 
Geology  of  Mine  la  Motte  sheet.    C.  B.  Keyes.    ( Missouri 

Geol.  Sur.,  ix,  pt.  iv,  132  pp.,  1896.) 
Hummocks  and  bowlders  of  decomposition  in  southeastern 

Missonri.     J.   W.   Spencer.     (  American  Naturalist, 

XXI,  366-368,  1887.) 
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Archaean  continued — 

Igneoas  rocks  of  ArkaDsas.    J.  F.  WilliamB.    (  Geol.  Sar.» 

Arkansas,  Add.  Bep.  1890,  ii,  456  pp,  1891.)    IncideDtal 

references. 
Iron  mouDtain  sheet.    A.  WidbIow.    ( Missonri  GeoL  Bar.* 

IX,  Sheet  Report  No.  3,  97  pp.,  1894.) 
Iron  ores  of  Missonri.    A.  Schmidt.    ( Missonri  Geol.  Sar., 

Iron  Ores  and  Coal  Fields,  50-214, 1873.) 
Iron  ores  of  Missouri  and  Michigan.    B.  Pumpelly.    (  One 

volume,  320  pp.,  New  York,  1876.) 
Iron  ores  of  United  States.    T.  S.  Hunt.    (  Eog.  and  Min. 

Jour.,  L,  601-602  and  622-624,  1890.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri  Geol. 

Sur.,  VJ,  387  pp.,  1896.) 
Metallic  wealth  of  United  States.    J.  D.  Whitoey.    ( One 

volume,  481  pp.,  Philadelphia,  1854.) 
Missouri  building  and  ornamental  stones.    0.  B.  Keyes. 

( Stone,  XII,  432-439,  546-557,  and  xiil,  30-32,  1896.) 
Notes  on  geology  of  Pilot  knob  and  its  vicinity.    B.  Pum- 
pelly.   ( Missouri  Geol.  Sur.,  3-28, 1873.) 
Notes  on  Missouri  minerals.    E.  Haworth.    (Proc.  Iowa 

Acad.  Sci.,  I,  pt.  ii,  33-35,  1892.) 
Paleontology  of  Missouri.    G.  B.  Keyes.    ( Missouri  Geol. 

Sur.,  IV,  30,  1894.) 
Preliminary  report  on  principal  mines.    A.  Litton.    (  Mis* 

souri  Geol.  Sur.,  1st  and  2Qd  Ann.  Bepts.,  pt.  ii,  1-94, 

1855.) 
Bemarks  on    geology   of   state  of   Missouri.    H.   King. 

( Proc.  Am.  As.  Adv.  Sci.,  V,  182-200,  1851.) 
Bemarks  on  Pilot  knob.  Iron  mountain  and  Mine  la  Motte 

districts.    P.  Frazer,    Jr.     ( Proc.   Acad.    Nat.   ScL, 

Phila.,  85-86,  1874.) 
Beport  of  geological  survey  of  state  of  Missonri,  1873-1874. 

G.  C.  Broadhead.    (  Geol.  Sur.  Missouri,  i,  734    pp., 

1874.) 


BIBLIOGRAPHY.  231 

Archaean  continued  — 

Report  on  geology  of  mineral  district  contigaoas  to  IroQ 
moaatain  railroad.  J.  V.  Phillips.  (  Pamphlet,  14  pp., 
1859.) 

Secalar  decay  of  granitic  rocks.  0.  B.  Reyes.  (Proc. 
Iowa  Acad.  Sci.,  ii,  26-31,  1895.) 

Topography  of  granite  and  porphyry  region  of  Missouri. 
E.  H.  Lonsdale.    (Proc.  Iowa   Acad.  Sci.,  i,  pt.  iv, 
43-48,  1894.) 
Archaean   geology   of  Missonri,   contribution.     E.  Haworth. 

(Johns  Hopkins  Univ.  Circulars,  viii,  71-72,  1888.) 
Archaean  geology  of  Miasouri,   contribution.    E.   Haworth. 

(American  Geologist,  1,280-21)7  and  363-382, 1888.) 
Archaean  rocks   of  Missouri.     G.   G.  Broadhead.     (Kansas 

City  Rev.  Sci.  and  Iiid.,  v,  733, 1882.) 
Archimedes  or  Fenestella,  from  carboniferous  limestone  of 

Mississippi  valley,  remarks  upon  genus.    J.  Hall.    (Am. 

Jour.  Sci.,  ( 2 ),  xxiii,  203-204,  1857.) 
Areal  geology  and  its  relations  to  general  geological  work.   G. 

K.  Keyes.    (  Missouri  Geol.  Sur.,  ix,  11-16,  1896.) 
Artesian  well.  Belcher  and  brother.    A.  Litton.    (Trans.  Acad. 

Sci.,  St.  Louis,  I,  80-87,  1857.) 
Artesian  well  in   St.  Louis.     Anonymous.    (Am.  Jour.  Sci., 

(2),  XV,  460-463,  1853.) 
Artificial  crystallized  lead  silicate.    E.  S.  D^na  and  S.  L.  Pen- 
field.    (Am.  Jour.  Sci.,  ( 3 ),  xxx,  138-140,  1886.) 
Atchison  County. 

Goal  beds.    A.  Winslow.    (  Missouri  Geol.  Sur.,  i,  101-102, 

189  L) 

Dictionary  of  altitudes.  G.  F.  Marbut.  (Missouri  Geol. 
Sur.,  vai,  226-316,  1896.) 

Formation  of  qnaternary  deposits.  J.  E  Todd.  ( Missouri 
Geol.  Sur.,  x,  142,  1896.) 

Geology.  G.  G.  Broadhead.  (Missouii  Geol.  Sur.,  376- 
387,  1873.) 

Upper  carboniferous  of  southwestern  Iowa.  E.  H.  Lons- 
dale.   ( Proc.  Iowa  Acad.  Sol.,  ii,  197-200,  1896.) 
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Audrain  County. 

Coal  beds.  A.  Winslow.  ( Missouri  Geol.  Snr.,  i,  80-82, 
1891.) 

DescriptioDs  of  new  fossils  from  coal  measures  of  Mis- 
souri and  Kansas.  B.  F.  Shnmard  and  G.  C.  Swallow. 
(Trans.  St.  Louis  Acad.  Sei.,  i,  198-220,  1858.) 

Descriptions  of  some  new  fossils  from  carboniferous  and 
devonian  rocks  of  Missouri.  G.  C.  Swallow.  (  Trans. 
St.  Louis  Acad.  Sci.,  ii,  81-101,  1863.) 

Dictionary  of  altitudes.  C.  F.  Marbut.  (  Missouri  Geol. 
Sur.,  viil,  225-316,  1895.) 

Formation   of  quaternary  deposits.    J.  K.  Todd.    (  Mis- 
souri Geol.  Sur.,  x,  169-170,  1896.) 
Azoic  system  and  its  proposed  subdivisions.    J.  D.  Whitney 

and  M.  £.  Wadsworth.    (  Bull.  Mus.  Comp.  Zool.,  vii,  482, 

1884.) 
Bain,  H.  F.    Geology  of  Appanoose  county.    ( Iowa  Geol.  Sur., 

vol.  V,  pp.  361-438,  Des  Moines,  1896.)     Incidental  refer- 

ences  are  made  to  the  geology  of  the  adjoining  counties 

in  Missouri. 
Bain,  H.  F.    Peculiarities   of   Mystic   coal   seam.    ( American 

Geologist,    vol.    xiii,  pp.    407-411.    Minneapolis,    1894.) 

Attention  is  called  to  the  structure  of  the  bed  and  its  wide 

geographic  extent  as  compared  with  other  seams  of  the 

western  interior  coal  field. 
Bain,  H.  F.    Structure   of  Mystic   coal    basir.      (Proc.   Iowa 

Acad.  Sci.,  vol.  i,  pt.  iv,  33-36,  Des  Moines,  1894 )    The 

bed  lies  in  Missouri  and  Iowa. 
Ballard,  F.  A.    Mastodon  remains  found  in  Jackson  county, 

Mo.     (Kansas  City  Rev.  Sci.  and  Ind.,  vol.  iii,  pp. 6 43-644, 

Kansas  City,  1880.) 
Barite,  notes  on  a  Missouri.     C.  Luedeking  and  IT.  A.  Wheeler. 

(Am.  Jour.  Sci.,  (3),  xlit,  496-498,  1891.) 
Barnard,  F.  A.  P.     Physics    and    hydraulics    of    Mississippi 

river.     (Am.  Jour.  Sci.,  (  2 ),  vol.  xxxiii,  pp.  181-190,  1862.) 
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Barnard,  F.  A.  P.  Physical  geography,  of  report  on  Mississippi 

river  by  Humphrey  and  Abbot.    (Am.  Jour.  Sci.,  (2),  vol. 

XXXV,  pp.  223-234,  1 863.) 
Barry  County. 

Oherts  of  Missouri.    E.  O.  Hovey.    (  Missonri  Geol.  Snr., 

VII,  727-739,  1894.) 
Devonian  series  in  soath  western  Missouri.    O.  H.  Hershey. 

(American  Geologist,  xvr,  294-300,  1895.) 
Dictionary  of  altitudes.    C.  F.  Marbut.    ( Missonri  Oeol. 

Sur.,  VIII,  225-316,  1896.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missonri  Oeol. 

Snr.,  VII,  401  pp.,  1895.) 
Le&d  and  zinc  regions  of  southwest  Mipsonri.    A.  Schmidt 

and  A.  Leonhard.    ( Geol.  Sur.  Missouri,  1873-74,  i, 

381-502,  1874.) 
Mineral  waters.    P.  Schweitzer.    (Missonri  Geol.  Sur.,  iii, 

283  pp.,  1892.) 
Barton  County. 

Coal  beds.    A.  Wioslow.     (  Missouri  Geol.  Sur.,  i,  161, 

1891.) 
Dictiooary  of  altitudes.    C.  F.  Marbut.    (  Missouri  Geol. 

Sur.,  viii,  225-316,  1895.) 
Geological    description.     G.  C.  Broadhead.     ( Missouri 

Geol.  Sur.,  i,  97-118,  1874.) 
Note   on  piokeriugite   from   Missouri.    G.  C.  Broadhead. 

( Am.  Jour.  Soi.,  ( 3 ),  vii,  520,  1874.) 
Bates  County. 

Coal  beds.    A.  Winslow.    ( Missouri  Geol.  Snr.,  i,  143-150, 

1891.) 
Catalogue  of  all  recorded  meteorites;  with  descriptions  of 

specimens    in    Harvard    college  collection.      O.   W. 

HuDtington.    (  Proc.  Am.  Acad.  Art.  and   Sci.,  New 

Ser.,  XV,  37-1 10,  1887.) 
Catalogue  of  meteorites  in  university  collection,  with  refer- 
ences to  literature   describing  them.    [  U.  S.  Grant.] 

( Minnesota  Geol.  Sur.,  19th  Ann.  Bep.,  170-192, 1892.) 
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Bates  County  continued — 

Olays  and  bailding  BtODes  of  certain  western  central  conn- 

ties  tributary  to  Kansas  City.    G.  E.  Ladd.    (  Missoari 

Oeol.  Snr.,  Bull.  5,  pp.  43-86,  1891.) 
Dictionary  of  altitudes.    C.  F.  Marbut.    (  Missouri  G-eol. 

Sur.,  VIII,  225-316.  1895.) 
Discovery  of  meteoric  iron  in  Missouri.     G.  C.  Broadhead* 

(Am.  Jour.  Sci.,  (3),  x,  401,  1875.) 
Examination  of  Waconda  meteoric  stone.  Bates  county, 

Missouri ;  and  Eockingham  county  meteoric  iron.     J. 

L.  Smith.    (  Am.  Jour.  Sei.,  ( 3 ),  xiii,  213,  1877.) 
Geological    description.      G.  C.  Broadhead.     (  Missoari 

Geol.  Sur.,  i,  155-178, 1874.) 
Handbook  and  catalogue  of  meteoric  collection.    O.  C. 

Oliver.    (Field  Columbian  Mus.,  Geol.  Ser.,  i,  65  pp., 

1895.) 
Beachler,  Charles  S.    Keokuk  group   of  Mississippi   valley. 
(American  Geologist,  vol.  x,  pp.  88-9G,  1892.)    Attempts 
to  correlate  the  rocks  of  this  age  in  the  different  states. 
Belcher  and    brother's    artesian   well.     A.    Litton.    (Trans. 

Acad.  Sci.,  St.  Louis,  i,  80-87,  1857.) 
Benton  County. 

Abstract  of  description  of  bones  of  fossil  animal  of  order 

Edentata.    B.  Harlan.    ( Proc.  American  Philos.  Soc, 

II,  109-111, 1871.) 
Description  of  bones  of  new  fossil  animal  of  order  Eden- 
tata.   B.  Harlan.    (Am.  Jour.  Sci.,  (1),  XLiv,  69-83, 

1843.) 
Descriptions  of  new  fossils  from  carboniferous  and  devo- 
nian of  Missouri.     G. XD.  Swallow.    (Trans.  St.  Louis 

Acad  Sci.,  i,  635-651,  1860.) 
Dictionary  of  altitudes.    G.  F.  Marbut.    (Missouri  Geol. 

Sur.,  VIII,  225-316,  1895.) 
History  of  British  fossil  mammals  and  birds.    B.  Owen. 

(  One  volume,  290-298,  1846.) 
Iron  ores.    F.  L.  Nason.    ( Missouri  Geol.  Sur.,  ii,  'J32-233, 

1892.) 
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Benton  County  continued — 

Lead  and  zinc  deposits.     A.  WiDslow.    ( Miesonri  Geol. 

Sor.,  vii,  401  pp.,  1895.) 
Lead   regioD   of   central   Missoari.     A.  Schmidt.    (Oeol. 

Bar.  Missouri,  1873-74,  i,  503-577,  1874.) 
Mastodon  bones  fonnd  in  Benton  connty,  Missonri.    S.  H. 

Whipple.    ( Proc.  Am.  Philos.  Soc,  iv,  35-36,  1865.) 
Mastodon   remains  in  state   of   Missonri,  together  with 
evidences  of  existence  of   man   contemporaneously 
with  mastodon.     A.  G.  Koch.    ( Trans.  St.  Louis  Acad. 
Sci.,  I,  61-65, 1858.) 
Memoir  on   extinct  species  of  amerioan   ox.    J.   Leidy. 

(Smithsonian  Gont.  Enowl.,  v,  5-20,  1853.) 
Mineral  waters.    P.  Schweilzer.    (  Missonri  Geol.  Sur.,iii, 

283  pp.,  1892.) 
Kemains  of  quaternary  peccary,  Platjgonus  compressns. 
Anonymons.    (Am.  Jour.  Sci.,  (3),  xxxtx,  322,  1890.) 
Bethany  limestone  of  western  interior  coal  field.    G.  R.  Eeyes. 

(Am.  Jour.  Sci.,  (4),  ii,  pp.  221-225,  1896.) 
Bevier  sheet.    G.  H.  Gordon.    (  Missouri  Geol.  Snr.,]X,  Sheet 

Report  No.  2,  85  pp.,  1893) 
Bibliography  of  american  paleontology  for  years  1888-1892. 
G.  R.  Keyes.    (  U.  S.  Geol.  Sur.,  Bull.  121.,  252  pp.,  1895.) 
Biennial  report  of  state  geologist,  transmitted  by  bureau  of 
geology  and  mines  to  the  thirty-sixth  general  assembly. 
A.   Winslow.    (  Missouri   Geol.  Sur.,  Pamphlet,  53    pp., 
1891.) 
Biennial  report  of  state  geologist,  transmitted  by  bureau  of 
geology  and  mines  to  thirty-seventh  general  assembly.    A. 
Winslow.    (Missouri  Geol.  Sur.,  Pamphlet,  37  pp.,  1893.) 
Biennial  report  of  state  geologist,  transmitted  by  bureau  of 
geology  and  mines    to    thirty-eighth    general    assembly. 
G.   R.   Keyes.    (  Missouri   Geol.   Sar.,  Pamphlet,  60  pp., 
1895.) 
Biennial  report  of  state  geologist.    G.  R.  Keyes.    (Thirty- 
eighth  Gen.  Assem.  Missouri,  House  Jour.,  app.,  60  pp., 
1895.) 
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Birkinbine,  J.    PromiDeDt  uoureen  of  iron-ore  supply.    (TrmDS. 

Am.  lD«t.  Min.  Eog.,  toI.  xvr.  pp.  715-729,  1889.) 
Bitumen  in  MUsoari,  oeenrrfDce.    G.  C.  Broadhead.    (Trmos. 

Acad.  Sci.  8f.  Looii.  in.  221-227,  1870.) 
Blair.  A.  A.,  Regis  Chjavenet  and.    ADalyses  of  foela,  Iron 

ores,  and  pig  iroD.    i' Missoori   Geol.  Snr.,  one   vol.,  pp. 

31-49,  New  York,  1873.1 
Blair,  A.  A.,  Regis  CbaoveDet  and.     Analyses  of  iron  ores,  pig 

irons  and  foels.    ( Iron  Ores  of  Missoari  and  Michigan, 

320  pp.,  1876.) 
Blastoidea  from  paleozoic  rocks  of  western  states,  with  some 

observations  on  stractnre  of  sammit  of  genus  Pentremites, 

description  of  new  species.     B.  F.  Shomard.    (  Trans.  St. 

Loois  Acad.  Sci.,  i,  23?-249,  1857.) 
Blastoidea,   in    geological   department    of    British    masenm, 

catologoe.     R.  Ethridge,  Jr.,  and  P.  H.  Carpenter.    ( One 

Yolame,  288  pp.,  1886.) 
Blastolds  and  bracbiopods  from  devonian  and  snb-carboni- 

feroos  rocks  of  Missoari,  description  of  some  new  species. 

R.  R.  Rowley.    ( American  Geologist,  xii,  303-309,  1893.) 
Blastoids,  and  crinoids,  new  species.     G.  Wachmath  and  F. 

Springer.    ( Illinois  Geol.  Sur.,  viii,  I.J5-203,  1890.) 
Bollinger  County. 

Cherts  of  Missouri.     E.  O.  Hovey.    (  Missouri  Geol.  Sur., 
VII,  727-739,  1894.) 

Dictionary  of  altitudes.     C.  F.  Marbut.    ( Missouri  Geol. 
Sur.,  VIII,  22/5-316,  1895) 

Iron  ores.      F.  L.  Nason.      (  Missoari  Geol.  Sar.,  ii,  233- 
237,  1892.) 

Iron  ores  of  southeastern  Missoari.    P.  N.  Moore.    (Geol. 
Snr.  Missoari,  i,  638-671,  1874.) 
Bones  of  large  maTiinale  in  drift.     G.  C.  Broadhead.     (Trans. 

Acad.  Sci.  St.  Louis,  ill,  xxiixxiv,  1869.) 
Bones  of  new  fossil   animal  of  order  Edentata,  description. 

R.  Harlan.     (  Am.  Joar.  Sci.,  (  1 ),  XLiv,  69-83,  1843. ) 
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Boone  County. 

Goal  beds.      A.  Winslow.      (  Missouri  GeoL  Sar.,  i,  73-77^ 

1891.) 
GoDtributions   from  laboratory  of  state   aniversity.      P. 

Schweitzer.      ( Missouri  State   Uai^.,  Aan.  Bep.  for 

1874,  160-169,1876.) 

GontribntioDS  from  laboratory  of  state  university.  P. 
Schweitzer.    (Missouri   State  Uuiv.,  Ann.   Bep.   for 

1875,  155-193,  1875.) 

Descriptions  of  fossils  from  paleozoic  rocks  of  western 
states,  with  illustrations.  J.  H.  McObesney.  (  Pamph- 
let, 96  pp.,  1860.  ) 

Descriptions  of  new  fossils  from  coal  measures  of  Mis- 
souri and  Kansas.  B.  F.  Shnmard  and  G.  G.  Swallow. 
(Trans.  St.  Louis  Acad.  Sci.,l,  198-220,  1858.) 

Descriptions  of  new  species  of  fossils  from  pitleozoic  rocks 
of  western  states.  J.  H.  McGbesney.  (Trans.  Chi- 
cago Acad.  Sci.,  t,  1-58,  1867. ) 

Description  of  some  new  fossils  from  carboniferous  and 
devonian  rocks  of  Missouri.  G.  G.  Swallow.  ( Trans.- 
St.  Louis  Acad.  Sci.,  ii,  81-101,  1863.) 

Dictionary  of  altitudes.  G.  F.  Marbut.  ( Missouri  Geo!. 
Sur.,  VIII,  225  316,  1895.) 

Formation  of  quaternary  deposits.  J.  £.  Todd.  ( Missouri 
Geol.  Bur.,  x,  153  155,  1896.) 

Geological  section  at  Providence,  Missouri.  A.  Stuart. 
(  Kansas  Univ.  Quart.,  iv,  16 L- 162,  1896.) 

Notes  on  paleozoic  Crustacea,  No.  5,  carboniferous  trilo- 
bites  from  Missouri.  A.  W.  Vogdes.  (Proc.  Gali- 
fornia  Acad.  Sci.,  ( 2  ),  i,  197198,  1896  ) 

Paleontology  of  Missouri.  G.  B.  Keyes.  (  Missouri  Geol. 
Sur.,  IV,  314  pp.,  1894.) 

Paleontology  of  Missouri.  G.  B.  Keyes.  (  Missouri  Geol. 
Sur.,  V,  320  pp.,  1894.) 

Sibnd  bowlders  in  drift,  or  sub-aqueous  origin  of  drift  in 
central  Missouri.  J.  W.  Spencer.  (Proo.  Am.  As. 
Adv.  Sci.,  xxxvr,  220,  1887.) 
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Boone  County  continued  — 

SaQd  bowlders  in  drift,  or  sab-aqaeous  origin  of  drift  io 
central  Missoari.    J.  VV.  Spencer.    ( A.merican  Natoral- 
isr,  XXI,  917  923,  1887) 
Bos,  genu8,  notes  on  fossil  skull  in  cabinet  of  lycenm,  from 

banks  of  the  Mississippi ;  with  observations  on  American 

species   of   that  genns.    J.   E.  DeEay.    (Annals  N.   Y. 

Lycenm  Nat.  Hist.,  ii,  280-292,  1862.) 
Bourne,  A.    Prairies  and  barrens  of  the  west.    (Am.  Joar. 

Sci.,  ( 1 ),  vol.  II,  pp.  30-35,  1820.) 
Bowlder  of  copper  and  glacial   stri^  in  central  Miasoari.    J. 

W.  Eirkpatrick.    (  Science,  xvin,  314-345,  1891.) 
Brachiopoda.    J.  Hall.    (  Nat.  Hist.  New  York,  Pal.,  viii,  pt. 

i,  1-367,  1892.) 
Brachiopods. 

Brachiopoda,  J.  Hall.  (  Nat.  Hist.,  New  York,  Pal.,  viii, 
pt.  i,  1-367,  1892.) 

Ghonetes  as  found  in  western  states  and  teriitories.  J.  C. 
Norwood  and  H.  Pratten.  (Jonr.  Acad.  Nat.  Sci., 
Phila.,  ( 2 ),  in,  23-31,  1864.) 

Descriptions  of  fossil  invertebrates.  A.  H.  Worthen.  ( Illi- 
nois Geol.  Sar.,  viii,  69-154,  1890.) 

Descriptions  of  fossils  from  paleozoic  rocks  of  western 
states,  with  illastrations.  J.  H.  McChesney.  (  Pamph- 
let, 96  pp.,  1860.) 

Descriptions  of  fossils  from  yellow  sandstone  lyiog  below 
the  Barlington  limestone  at  Barlington,  Iowa.  A. 
Winchell.  ( Proc.  Acad.  Nat.  Sci.,  Phila.,  xv,  2-25, 
1863.) 

Descriptions  of  invertebrates  from  carboniferons  system. 
F.  B.  Meek  and  A.  H.  Worthen.  ( Illinois  (leol.  Sar., 
II,  143-423,  1866.) 

Descriptions  of  new  fossils  from  carboniferous  and  devo- 
nian of  Missouri.  G.  G.  Swallow.  (Trans.  St.  Lonis 
Acad.  Sci.,  i,  635-651,  1860.) 
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Brachiopods  continued — 

DeeoriptioDS  of  new  fossils  from  ooal  measures  of  Mis- 
souri and  Kansas.  B.  F.  Shamard  and  O.C  Swallow. 
(Trans.  St.  Loais  Acad.  Sci.,  i,  198-220,  1858.) 

Descriptions  of  new  paleozDio  fossils  from  Illinois  and 
Iowa.  F.  B.  Meek  and  A.  H.  Worthen.  ( Proc.  Acad. 
Na^  Sci.,  Phila.,  128-U9,  1861.) 

Descriptions  of  new  species  of  fossils  from  devonian  and 
carboniferous  rooks  of  Mississippi  valley.  0.  A. 
White.    (  Proc.  Boston  Soc.  Nat.  Hist.,  ix,  8-32, 1862.) 

Descriptions  of  new  species  of  fossils  from  Marshall  irroup 
of  Michigan,  and  its  supposed  equivalent  in  other 
states  ;  with  notes  on  fossils  of  same  age  previously 
described.     A.   Winchell.     ( Proc.   Acad.   Nat.   Sci.,* 
Phila.,  1865,  109-134,  1865.) 

Descriptions  of  new  species  of  fossils  from  paleozoic  rocks 
of  western  states.  J.  H.  McChesney.  ( Trans.  Ohicago 
Acad.  Sci.,  I,  1-58,  1867.) 

Descriptions  of  new  species  of  Prodnctus  from  carboni- 
ferous limestone  of  St.  Louis.  H.  A.  Prout.  (Trans. 
Acad.  Sci.,  St.  Louis,  i,  43-46,  1857.) 

Descriptions  of  some  new  fossils  from  carboniferous  and 
devonian  rocks  of  Missouri.  G.  C.  Swallow,  ( Trans. 
St.  Louis  Acad.  Sci.,  ii,  81-101,  1863.) 

Descriptions  of  some  new  species  of  crinoids,  blastoids, 
and  brachiopods  from  devonian  and  sub-carboniferous 
rocks  of  Missouri.  B.  R.  Rowley.  ( American  Geo- 
logist, XII,  303-309,  1893.) 

Descriptions  of  some  new  species  of  invertebrates  from 
paleozoic  rooks  of  Illinois  and  adjacent  states.  S.  A. 
Miller  and  W.  F.  E.  Garley.  (Illinois  State  Mus.  Nat. 
Hist,  Bull.  3,  81  pp.,  1894.) 

JFauna  of  lower  carboniferous  limestones  of  Spergen  Hill, 
Ind.,  with  revision  of  descriptions  of  its  fossils  hitherto 
published,  and  illustrations  of  species  from  original 
type  series.  R.  P.  Whitfield.  ( Bull.  Am.  Mus.  Nat. 
Hist.,  I,  39-97,  1882.) 
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Brachiopods  continued — 

Geology  and  paleontology  of  country  traveraed  by  [  Stans- 
buryj  expedition.  J.  Hall.  ( Exp.  and  Sar.,  Val.  Gf. 
Salt  Lake  of  Utah,  App.  E.,  399-414,  1853.) 

Invertebrate  fofisilB  of  waverly  group  and  ooal  measares 
of  Ohio.  F.  B.  Meek.  ( Ohio  Geol.  Bar.,  ii,  pt.ii,  400 
pp.,  1876.) 

New  species  of  crinoids  and  brachiopods  from  Missonri 
Hamilton.  R.  B.  Bowley.  (American  Geologist,  xiii,. 
151-154,  1894.) 

Newberria,a  new  genus  of  bracliopods.  J.Hall.  (Tenth 
Ann.  Bept.  State  Geologist  New  York,  91-98, 1891.) 

Notice  of  fossils  from  carboniferous  seiies  of  western 
states,  belonging  to  genera  Spirifera,  Bellerophon, 
Pleurotomaria,  Macrocbilus,  Natica  and  Loxonema,. 
with  descriptions  of  eight  new  characteristic  species. 
J.  0.  Norwood  and  H.  Pratten.  (Jour.  Acad.  Nat.  Sci., 
Phila.,  (  2),  III,  71-78,  1864.) 

Notice  of  new  brachipod  from  lead-bearing  rocks  at  Mine 
la  Motte,  Missouri.  F.  B.  Meek.  ( Proc.  Acad.  Nat» 
Sci.,  Phila.,  187 J,  18^-188,  1871.) 

Notice  of  Producti  found  in  western  states  and  territories 
with  descriptions  of  twelve  new  species.  J.  0.  Nor- 
wood and  H.  Pratten.  (Jour.  Acad.  Nat.  Sci.,  Phila., 
( 2 ),  III,  5-23,  1854  ) 

Observations  on  geology  and  paleontology  of  country 
traversed  by  expedition,  and  notes  upon  fossils  col- 
lected on  route.  J.  Hall.  (  Expl.  and  Sur.,  Valley- 
Great  Salt  Lake  of  Utah,  App.  E,  399-414,  1853.) 

Observations  on  microscopic  shell  structure  of  Spirifer 
cuspidatus,  Sowerby,  and  similar  American  forms. 
F.  B.  Meek.  (  Proc.  Acad.  Nat.  Sci.,  Phila.,  275-278,. 
1865) 

Observations  upon  rocks  of  Mississippi  valley  which  have 
been  referred  to  Chemung  group  of  New  York,  to- 
gether  with   descriptions  of  new   species   of  fossila 
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from  same  horizon  at'  Barlington,  Iowa.    G.  A.  White 

and  B.  P.  Whitfleld.    (Proc.  Boston  Soo.  Nat.  Hist., 

VIII,  289-306,  1862. ) 
Paleontology  of  Illinois.    F.  B.  Itfeek  and  A.  H.  Worthen. 

( Illinois  Oeol.  Snr.,  in,  289-565,  1868. ) 
Paleontology  of  Iowa.    J.  Hall.    ( Geology  Iowa,  i,  473- 

725,  1858. ) 
Paleontology  of  M!issonri.    G.  B.  Keyes.    ( Af  issonri  Geol. 

Snr.,  V,  320  pp.,  1894.) 
Bemarks  on  classification  and  distribation  of   Prodacti. 

8.  H.  Trowbridge.    (Proc.  Am.  As.  Adv.  8ci.,  xxx, 

193  205,  1881.) 
Somo  new  varieties  of  Spirifer  lineatas.    6.  0.   Swallow. 

(Trans.  St.  Loais  Acad.  ScL,  ii,  408-411,  1866. ) 
Syringothyris,  Winohell,  and  its   American   species.    0. 

Schnchert.    (Ninth  Ann.  Bep.  State  Geologist  New 

York,  28-38,  1890. ) 
Brachiopods  from  devonian  and  sab-oarboniferons  rocks  of 
Missoari,  description  of  some  new  species    of  crinoids, 
bUstoids.    B.  B.  Bowley.    (  American  Geologist,  xii,  303- 
309,  1893. ) 
Brachiopods  from  lead-bearing  rocks  at  Mine  la  Motte,  Mis- 
soari.   F.  B.  Meek.  (Proc.  Acad.  Nat.  Sci.,  Phila,  1871, 
185  188,  1871.) 
Brachiopods  from   Missoari  hamilton,  new  species.      B.  B. 

Bowley.  (American  Geologist,  xiii,  151-151,  1894.) 
Brackenridse,  H.  M.  Views  of  Lonisiana;  together  with  jonr- 
nal  of  voyage  ap  Missoari  river  in  1817.  (One  volame, 
304  pp.  PIttsbarg,  1814.)  An  accoant  of  the  soil  and 
physical  featnres  of  the  country  are  given  on  pages  103- 
110,  and  of  the  lead  mines  of  Ste.  Genevieve  on  pages 
146155. 
Bradbury,  J.  Travels  in  interior  of  America,  in  the  years  1809, 
1810  and   1811.    (Oae   volame,   pp.   199-200.    Liverpool, 
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BradkKiry,  J.  e^miiMmed — 

181  o  Ao  ai^isoaot  of  ibe  Xew  ItAdrid  carthqumke  is 
tp^tUj  aod  the  miaeraia  of  the  state  noticed.  Tse  work 
ioeladess  deeeriptioa  of  Cpper  L^aisisns.  together  with 
the  •tstee  of  Ohio,  Keotaekj.  loduuis  mod  Tenneaaee,  and 
the  IlliDoiaand  Western  Territories, and  contains  remarks 
and  obserrationa  aaefal  to  persons  emigrating  to  those 
coontries. 

Branner,  J.  C.  Preface  [to  geology  of  Crowlej's  ridge]. 
( Arkansas  Geol.  8nr.,  Ann.  Bep.  1889,  toL  il,  pp.  9-19, 
1891. )     Deacribea  that  part  of  ridge  in  Missonri. 

Brecciated  character  of  SL  Lonis  limestone.  C.  H.  Gordon. 
(  American  Nataralist,  xxiv,  305^311,  1890.) 

Br\ng\er,  L.  Notice  of  geology,  mineralogy,  topography,  pro- 
dactions,  and  aboriginal  inhabitants  of  the  regioas  around 
the  MiMisaippi  and  its  conflaent  waters.  ( Am.  Joar.  Set., 
(1),  vol.  Ill,  pp.  15-47,  1821.)  A  letter  from  L.  Bringier 
of  Lonitiana,  to  Rev.  Elias  Cornelias. 

Broad  head,  G.  C.  Age  of  car  porphyries.  (  Trans.  Acad. 
Sci.  St.  Loais,  vol.  in,  pp.  366-391,  St.  Lonis,  1876.) 

Broadhead,  G.  C.  Arcb»^an  rocks  of  Missoari.  ( Kansas  City 
Rev.  Sci.  and  Ind.,  vol.  v,  p.  733,  Kansas  Oity,  1882.) 

Broad  head,  G.  C.  Barite  crystals  from  Last  Chance  mine, 
Morgan  coanty,  Missoari;  andgoetbite  from  Adair coanty, 
Missoari.  ( Am.  Joar.  Sci.,  ( 3  ),  vol.  xiii,  pp.  419-420, 
1877.) 

Broadhead,  G.  C.  Bones  of  large  mammals  in  drift.  (  Trans. 
Acad.  Sci.,  St.  Louis,  vol.  iii,  pp.  xxii-xxiv,  St.  Loais, 
1869)  Accounts  are  given  of  fossil  remains  from  various 
parts  of  Missouri. 

Broadhoad,G.  C.  |  Huilding  stones  of  J  Missouri.  (17.  8., 
Tenth  Censns,  vol.  x,  pp.  265-274,  Washington,  1885.) 
(}iv(*H  a  general  geological  section  of  the  state  and  a 
desciiption  of  the  building  stones  of  the  different  forma- 
tions. 
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Broad  head,  G.  C.  Oarboniferoas  rockB  of  eastern  EaDsas. 
(Trans.  Acad.  Sci.,  St.  Louis,  vol.  iv,  pp.  481-492,  St.  Lonis, 
1884.)  A  comparison  is  made  of  the  formations  of  eastern 
Kansas  and  western  Missouri. 

Broadhead,  G.  C.  Oarboniferoas  rocks  of  southeast  Kansas. 
(Am.  Jour.  Sci.,  (3),  vol.  xxii,  pp.  66-57,  New  Haven, 
1881.)  The  correspondence  of  the  fossils  of  the  Kansas 
Permian  and  the  Missouri  Upper  Goal  Measures  is  con- 
sidered. 

Broadhead,  G.  C.  Caves  in  Missouri.  ( Missouri  Board  Agri- 
culture, Third  Rep.,  for  1867,  pp.  201-204,  Jefferson  City. 
1868.) 

Broadhead,  G.  C.  Coal  measures  in  Missouri.  (Trans.  St. 
Louis  Acad  Sci.,  vol.  ii,  pp.  311-344,  St.  Louis,  1862.) 

Broadhead,  G.  C.  Coal  measures  of  Missouri.  (  Missouri 
Geol.  Sur.,  vol.  viii,  pp.  353-396,  Jefferson  City,  1895.) 
General  features  of  the  formations  as  represented  in  the 
state  are  described. 

Broadhead,  G.  C.  Correct  succession  of  Ozark  series. 
( American  Geologist,  vol.  xi,  pp.  260-268,  Minneapolis, 
1893.)  Criticism  on  F.  L.  Nason's  iron  report.  Top  of 
upper  Cambrian  is  placed  at  base  of  Saccharoidal  sand- 
stone. 

Broadhead,  G.  C.  Discovery  of  meteoric  iron  in  Missouri. 
(  Am.  Jour.  Sci.,  ( 3 ),  vol.  X,  p.  401,  1875.) 

Broadhead,  G.  C.  Drift  formation  and  gold  in  Missouri.  ( Am. 
Jour.  Sci.,  (3),  vol.  xi,  p.  150,  1875.) 

Broadhead,  G.  C.  Flint  chips.  ( Kansas  City  Bev.  Sci.  and 
Ind.,  vol.  VII,  pp.  699-602,  Kansas  City,  1883.)  Chert  beds 
of  the  state  are  described. 

Broadhead,  G.  C.  Fossil  horse  in  Missouri.  (Trans.  St. 
Louis  Acad.  Sci.,  vol.  ill,  pp.  xx-xxii,  St.  Louis,  1869.) 

Broadhead,  G.  C.  Fosi^il  horse  in  Missouri.  (  American  Natu* 
ralist,  vol.  iv,  p.  60,  1870.) 

Broadhead,  G.  C.  Geological  history  of  Missouri  paleozoic. 
( American  Geologist,  vol.  xiy,  pp.  380-388,  Minneapolis, 
1894. ) 
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Broad  head,  G.  C.  Geological  history  of  Ozark  uplift.  (  Amer- 
ican Geologist,  vol.  iii,  pp.  6-14,  MiDneapoIis,  1889.)  A 
short  sketch  of  the  events  which  took  place  doring  the 
aprising  of  the  area. 

Broadhead,  G.  C.  Geology  of  northwestern  Missonri.  ( Mis- 
souri Geological  Sarvey,  1  vol.,  pt.  ii,  pp.  1*402,  New 
York,  187.').)  A  general  description,  with  many  details, 
of  the  geological  features ;  and  also  a  description  of  the 
geology  of  various  counties. 

Broadhead,  G.  C.  Gravel  beds  of  western  Missonri.  (Kan- 
sas Gity  Bev.  Sci.  and  Ind.,  vol.  viii,  pp.  453-454,  Kanaaa 
City,  1884.) 

Broadhead,  G.  C.  Height  of  St.  Louis  directrix.  ( Am.  Joar. 
Sci.,  (3),  vol.  X,  p.  75,  1875  ) 

Broadhead,  G.  C.  Jackson  county,  Missouri,  a  few  notes  on 
its  geology.  ( Kansas  Gity.  Rev.  Sci.  and  Ind«,  vol.  ii,  pp. 
204-210,  Kansas  Gity,  1878.) 

Broadhead,  G.  C.  Lead  mines  in  Missouri.  (  American  Nat- 
uralist, vol.  IV,  p.  760,  1870.)  Notes  on  the  geology  of 
Cole  county. 

Broadhead,  G.  C.  I  Localities  of  Missouri.  |  ( MacFarlane^s 
Am.  Geol.  Railway  Guide,  pp.  154158, 1879.)  The  places 
showing  notable  geological  features  are  listed. 

Broadhead,  G.  C.  Marbles  of  southeast  Missouri.  (Kansas 
Gity  Rev.  Sci.  and  Ind.,  vol.  v,  pp.  523  527,  Kansas  City, 
1882.) 

Broadhead,  G.  C.  Meteoric  stones  and  shooting  stars.  (Kan- 
sas Gity  Rev.  Sci.  and  Ind.,  vol.  i,  pp.  724-742,  Kansas  City^ 
1878.)    The  different  Missouri  meteorites  are  noted. 

Broadhead,  G.  G.  Mineral  springs.  (  Geol.  Sur.  Missouri, 
vol.  1,  pp.  701-705,  Jefferson  City,  1874.)  The  location  and 
properties  of  a  number  of  the  principal  springs  of  the 
state  are  mentioned. 

Broadhead,  G.  C.  Mineral  springs  of  Missouri.  (Missouri 
Board  Agriculture,  Second  Rep.,  for  18G6,  pp.  99-103,  Jef- 
ferson  Gity,  1867.) 
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Broad  head,  G.  C.    Mineralogy:   bitameo,    asphaltum,    petro- 

leam,  pjroschists,  aod  certain  otht-r  solid  hydrocarbons. 

(Kansas  City  Rev.  8ci.  and  Ind.,  vol.  i,  pp.  209-224,  Kansas 

Gity,  1877.)    Gontaius  an  acconnt  of  oil  and  bii^nmen  in 

western  Missonri. 
Broadhead,  G.  G.    Mineralogy    of    Gole    connty,    Missonri. 

(Trans.  St.  Lonis  Acad.  Sci.,  vol.  iii,  pp.  zxziii-xzziv,  St. 

Lonis,  1870.) 
Broadhead,  G.  G.    Mines  of  Garterville,  Jasper  county,  Mis- 
sonri.   ( Kansas  City  Rev.  Sci.  and  Ind.,  vol.  viii,  pp.  70-72, 

Kansas  Gity,  1884.) 
Broadhead,  G.  G,    Missonri;  its   mineral  resources.    ( U.  S. 

Gommissioner  of  Statistics,  Rept.  1889,  pp.  461-468,  Wash- 

ington,  1890.)     General   summary  of  the  state's  natural 

wealth. 
Broadhead,  G.  G.    Missouri  iron  ores  of  carboniferous  age. 

(Kansas  Gity  Rev.  Sci.  and  Ind.,  vol.  i,  p.  650,  Kansas 

City,  1877.) 
Broadhead,  G.  G.    Missouri  river.    (American  Geologist,  vol. 

IV,  pp.  148-151,  Minneapolis,  1889.) 
Broadhead,  G.  G.    Note  on  pickeringite  from  Missouri.    (Am. 

Jour.  Sci.,  (  3 ),  vol.  VII,  p.  520,  1874. ) 
Broadhead,  G.  G.    Notes  on  such  rocks  of  Missouri  as  admit 

of  a  fine  polish.    (Missouri  Geo!.  Sur.,  one  vol.,  pt.  ii,  pp., 

413-415,  New  York,  1873.) 
Broadhead,  G.  G.    Notes  on   surface  geology   of  southwest 

Missonri  and  southeast  Kansas.    ( Kansas  Gity  Rev.  Sci. 

and  Ind.,  vol.  iii,  pp.  460-461,  Kansas  City,  1879.) 
Broadhead,  G.  G.    Occurrence  of  bitumen  in  Missouri.  (Trans. 

Acad.  Sci.  St.  Louis,  vol.  iii,  pp.  224-227,  St.  Louis,  1870. ) 
Broadhead,  G.  G.    Old   maps.    (Kansas  Gity  Rev.  Sci.   and 

Ind.,  vol.  VII,  pp.  56  59,  Kansas  City,  1883. )    An  account 

of  the  old  geological  and  other  maps  of  the  state. 
Broadhead,  G.  G.    Origin  of  loess.    ( Am.  Jour.  Sci.,  (3),  vol. 

XVIII,  pp.  427.4ii8,  1879. ) 
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Broadhead.G.  C.  Ozark  series.  ( AmericaQ  Geologist,  vol. 
yiii,  pp.  33-35,  Minneapolis,  1891.)  Tbe  groapiDg  of  the 
seven  subdivisions  of  the  magnesian  limestones  onder 
one  head  is  made. 

Broadhead.G.  C.  Paints  and  clays.  (Missoari  Board  Agri- 
caltnre,  Third  Rep.,  1867,  pp.  200  201,  Jefferson  City,  1868.) 

Broadhea^.G.  C.  Prehistorio  evidences  in  Missouri.  (Smitb- 
Ronian  Inst.,  Ann.  Rep.  1879,  pp.  350-359,  WashiogtOD, 
18H0. )   Description  of  mounds  in  various  parts  of  the  state. 

Broadhead,G.  C.  Quaternary  deposits.  ( American  Natural- 
ist, vol.  IV,  pp.  61-62,  1870. ) 

Broadhead,  G.  C.  Relation  of  soils  of  Missouri  to  geology. 
(  Missouri  State  Univ.,  Ann.  Rep.  for  1883-4,  pp.  72  79, 1884.) 

Broadhead,  G.  C.  Report  of  geological  survey  of  state  of 
Missouri,  including  field  work  of  18731874.  (Geological 
Survey  Missouri,  vol  i,  734  pp.,  27  plates  and  atlas,  Jef- 
ferson City,  1874.)  Contents:  Chapters  I  and  II  contain 
an  historical  introduction  to  the  general  geology  of  the 
state.  Chapters  III,  IV  and  V  treat  in  a  general  way,  of 
caves  and  water  supply,  of  soils  and  timber,  and  the  min- 
erals of  the  state.  Chapter  VI  contains  remarks  on  the 
southwest  coal  field,  and  is  accompanied  by  a  general  sec- 
tion. Chapters  VII  to  XX,  inclusive,  are  reports  on 
Cedar,  Jasper,  BartOD,  Vernon,  Bates,  Howard,  Sullivan, 
Adair,  Linn,  Putnam,  Schuyler,  Andrew,  Daviess,  Cole 
and  Madison  counties.  Chapters  XXII  to  XXXVIII 
constitute  a  report  on  the  lead  region  of  southwest 
Missouri  in  which  the  general  characteristics  of  the  region 
and  its  ores  are  given,  together  with  a  description  of  a 
number  of  its  deposits  by  A.  Schmidt.  Chapters  XXIX 
to  XXX  [I  treat  similarly  of  the  lead  deposits  of  central 
Missoari,  also  by  A.  Schmidt.  Chapter  XXXIII  contains 
rules  for  the  development  of  iron  ore  deposits  and  notes 
on  tbe  metallurgical  properties  of  Missouri  iron  ores,  by 
A.  Schmidt.  Chapter  XXX IV  is  on  the  lead  region 
of  southeast  Missouri,  by  J.  R  Gage.  Chapter  XXXV  is  on 
the  iron  ore  of  the  same  region,  by  P.  N.  Moore.      Appen- 
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dices  A,  B,  G  and  D  are  brief  papers  on  the  ^'  History  of 
]ead  minisg  in  MiBSOuri,"  on  ^'Lead  mines  in  TTppei 
Louisiana,"  on  ^^ Metallic  statistics"  and  on  ^'Mineral 
springs  of  Missonri."  Appendix  E  contains  results  of 
analjses  of  ores,  fuels  and  minerals. 

Broadhead,  G.  C.  [  Reports  on  various  counties.]  ( Geological 
Survey  Missouri,  186671,  pp.  7-110,  Jeflferson  City,  1873.) 
Geological  accounts  are  given  of  Maries,  Osage,  Warren, 
Shelby,  Macon  and  Randolph  counties. 

Broadhead,  G.  C.  Review  of  contributions  to  paleontology, 
numbers  2-8,  by  0.  A.  White.  ( Kansas  Oity  Rev.  Sci.and 
Ind.,  vol.  IV,  pp.  448-449,  Kansas  City,  1880.)  Several  of 
the  Missouri  fossils  described  in  these  contributions  were 
sent  by  the  author  who  here  adds  some  facts  in  regard  to 
them  and  their  geological  significance. 

Broadhead,  G.  C.  Sketch  of  geology  of  Missouri.  (Missouri 
Board  Agriculture,  Eighteenth  Rep.  1886,  pp.  260-269, 
Jefferson  Oity,  1886.) 

Broadhead,  G.  C.  Southeast  Missouri  lead  district.  ( Eng. 
and  Min.  Jour.,  vol.  xxii,  pp.  69-60,  New  York,  1876.) 

Broadhead,  G.  C.  Southeast  Missouri  lead  district.  (Trans. 
Am.  Ins.  Min.  Eug.,  vol.  v,  pp.  1(K)  107,  1877.) 

Broadhead,  G.  C.  The  mastodon.  (Kansas  Oity  Rev.  Sci. 
and  Ind.,  vol.  ly,  pp.  619  630,  Kansas  Oity,  1881.)  An 
account  is  given  of  mastodon  remains  found  near  Sedalia. 

Broadhead,  G.  C.  Thickness  of  Missouri  coal  measures. 
(Kansas  Oity  Rev.  Sci.  and  Ind.,  vol.  i,  pp.  392-393,  Kan- 
sas Oity,  1877.) 

Broadhead,  G.  C.  Well  at  insane  asylum,  St.  Louis  county. 
(Trans.  Acad.  Sci.  St.  Louis,  vol.  iii,  pp.  217-224,  St.  Louis, 
1870. ) 

Bryozoa,  First  of  a  series  of  descriptions  of  carboniferous. 
H.  A.  Prout.  (Trans.  Acad.  Sci.,  St  Louis,  i,  235-238,1868.) 

Bryozoa,  Paleozoic.  E.  O.  Ulrich.  (Illinois  Oeol.  Snr.,  yiii, 
283  688,  1890. ) 
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Bryozoans. 

American  paleozoic  bryozoa.    E.  O.  TTlriob.    (Jour.  Gin- 

clDnati  Soc.  Nat.  Hist.,  yii,  24-45,  1884. ) 
Descriptions  of  invertebrates  from  carboniferoas  system. 

F.  B.  Afeek  and  A.  H.  Worthen.    (Illinois  Oeol.  Snr.t 

II,  143-423,  1866.) 
Descriptions  of  new  crinoidea  from  carboniferoas  rocks 

of  Illinois  and  adjoining  states.     F.  B.  Meek  and  A. 

H.   Worthen.      (Proc.  Acad.  Nat.  Sci.,  Phila.,  1865, 

155167,  1865.) 
First  of  a  series  of  descriptions  of  carboniferoas  bryozoa. 

H.  A.  Front.     (Trans.  Acad.  Sci.,  St.  Lonis,  i,  235- 

238, 1858. ) 
Fourth  series  of  descriptions  of  bryozoa  from  paleozoic 

rocks  of  western  states  and  territories.    H.  A.  Front. 

(Trans.  Acad.  Sci ,  St.  Lonis,  i,  571-582,  1860. ) 
Observations  on  Obsetetes  and  some  related  genera.    0. 

Bominger.    (Proc.  Acad.  Nat.  Sci.,Pbila.,  1866,  113- 

124,  1866. ) 
Paleontology  of  Missonri.    G.  B.  Keyes.    ( Missouri  Geol. 

Sur.,  V,  320  pp.,  1894.) 
Paleozoic  bryozoa.    £.  O.  Ulrich.    ( Illinois  Oeol.  Sur., 

VIII,  283-688, 1890.) 
Bemarks  upon  genus  Archimedes  or  Fenestella,  from  car- 
boniferous limestones  of  Mississippi  valley.    J.  Hall. 

( Am.  Jour.  Sci.,  ( 2 ),  xxiii,  203-204,  1857.) 
Third  series  of  descriptions  of  bryozoa  from  rocks  of 

western  states  and  territories.    H.  A.  Prout.    ( Trans. 

Acad.  Sci.,  St.  Louis,  i,  443  453,  1859.) 
Buchanan  County. 

Goal  beds.    A.  Winslow.    { Missouri  Geol.  Sur.,  i,  102-103, 

1891.) 
Dictionary  of  altitudes.    G.  F.  Marbut.    ( Missouri  Geo). 

Sur.,  viii,  225316,  1895.) 
Formation  of  quaternary  deposits.    J.  £.  Todd.    ( Missouri 

Geol.  Sur.,  x,  144-145,  1896.) 
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Oeology.  0. 0.  Broadhead.  (  Missoari  Geol.  Sur.,  344-358, 
1873.) 

Notice  of  Prodnoti  tonud  in  western  states  and  territories. 
J.  G.  Norwood  and  H.  PratteD.  (Jour.  Acad.  Nat. 
Sci.,  Phila.,  ( 2 ),  iii,  623, 1854.) 

Paleontology  of  Missoari.  0.  B.  Keyes.  ( Missoari  Geol. 
Sar.,  iv,  314  pp.,  1894. ) 

Paleontology  of  Missoari.  0.  B.  Eeyes.  (  Missoari  Geol. 
Sar.,  V,  320  pp.,  1894.) 

Stratigraphy  and  correlations  of  Garboniferoas  formation. 
E.  Haworth.    ( University  Geol.  Sar.  Kansas,  i,  145- 
193,  1896.) 
Building  and  ornamental  stones.    0.  B.  Eeyes.    (Stone,  xii, 

432439,  546-557  and  xiii,  30-32,  1896.) 
Building  and  paving  stones  of  Missoari.     H.  Phillips.    (Stone, 

XI,  413-415,  1895.) 
Building  materials,  report  on   strength.    O.A.Smith.    (Mis- 
soari   Geol.  Sar.,  Iron   Ores  and    Goal  Fields,  403-41?, 

1873.) 
Building  stones  and  clays  of  Iron,  St.  Francois  and  Madison 

coanties.    G.  E.  Ladd.    (  Missoari  Geol.  Sar.,  Ball.  No.  1, 

22-44, 1890.) 
Building  stones  of  certain  western  central  coanties  tribatary 

to  Kansas  Oity.     G.  E.  Ladd.    (  Missoari  Geol.  Sar.,  Ball. 

5,  pp.  4386,  1891.) 
[Building  Stones  of]   Missoari.    G.  0.  Broadhead.    (17.  S. 

Teath  Gensas,  x,  265-274,  1885.) 
Buried  river  channels  in  soatheastern  Iowa.    0.  H.  Gordon. 

( Iowa  Geol.  Sar.,  in,  237-255,  1894.) 
Burlington  crinoid,  new  species.    E.  B.  Rowley.    ( Americaa 

Geologist,  y,  146-147,  1890.) 
Burlington  limestone  at  Barlington,  Iowa,  descilption  of  fos- 
sils from  yellow  sandstone.    A.  Winchell.    (Proc.  Acad. 

Nat.  Sci.,  Phila.,  xv,  2-25, 1863.) 
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Burlington  limestoDe,  observations  on  Dalaral  casts  of  crinoids 
and  Mastoids.  B.  B.  Bowlej.  ( American  Oeologist,  Yi, 
66-67,  1890.) 

Burlington  limestone,  remarkable  faana  at  base,  in  northeast- 
ern Missouri.  0.  B.  Keyes.  ( Am.  Joar.  Sci.,  ( 3 ),  XUY, 
447  452,  1892.) 

Butler  County. 

DictioDary  of  altitades.    G   F.  Marbat.    ( Missoari  Geol. 

Bar.,  Yiii,  225  316,  1895.) 
Iron  ores.    F.  L.  Nason.     (Missouri  Geol.  Snr.,  ii,  237- 

240,  1892.) 
Iron  ores  of  sontheastern  Missoari.    P.  N.  Moore.    ( Oeol. 
Bar.  Missoari,  18*23  74,  i,  638671, 1874.) 

Calamine.    ( Bee  silicates. ) 

Calamine  in  Missouri.  G.  Troost.  (Am.  Jour.  Sci.,  (1),  xii, 
376  379,  1827.) 

Calciferous  sand  group  of  Wisconsin  and  Missoari,  notice 
of  some  new  and  imperfectly  known  fossils.  B.  F.  Bhum- 
ard.    (Trans.  Bt.  Louis  Acad.  Sci.,  n,  10M08,  1862.) 

Calcite.    (  See  carbonates. ) 

Caldwell  County. 

Goal  beds.    A.  Wiaslow.    (  Missouri  Geol.  Bur.,  i,  105-107, 

1891.) 
Descriptions  of  some  new  fossils  from  carboniferous  and 
devonian  rocks  of  Missouri.    G.  G.  Swallow.    (Trans. 
St.  Louis  Acad.  Sci.,  ii,  81101,  1863.) 
Dictionary  of  altitudes.    G.  F.  Marbut.    (  Missouri  Geol. 
Bur.,  VIII,  226-316,  1895 ) 

Call,  R.  Ellsworth.  Loess  of  North  America.  (Am.  Natural- 
ist, vol.  xvi,  pp.  369  381,  Philadelphia,  1882. )  A  number 
of  references  to  the  occurrence  of  loess  in  Missouri  are 
given. 

Call,  R.  Ellsworth.  Tertiary  silicified  woods  of  eastern  Arkan- 
sas. (Am.  Jour.  Sci.,  (3),  vol.  xvir,  pp.  390  401,  New 
Haveu,  1891.)  Incidental  references  are  made  to  Mis- 
souri. 
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Callaway  County. 

Goal  beds.  A.  Winslow.  (Missoari  Geol.  Sar.,  i,  77-79, 
1891.) 

DescriptioDS  of  new  and  remarkable  orinoids  and  other 
fossils  of  Hudson  river  groap,  and  notice  of  Stroto- 
crinns  bloom tieldensis.  S.A.Miller.  (Jonr.  Oincin- 
nati  Soc.  Nat.  Hist.,  iv,  69  78,  1884.) 

Descriptions  of  new  fossils  from  carboniferous  and 
devonian  of  Missouri.  G.  G.  Swallow.  (Trans.  St. 
Louis  Acad.  Sci.,  i,  635  651,  1860.) 

Descriptions  of  some  new  species  of  crinoids,  blastoids, 
and  brachiopods  from  devonian  and  sub-carboniferous 
rooks  of  Missouri.  B.  B.  Bowley.  ( American  Geo- 
logist, XII,  303  309,  1893.) 

Descriptions  of  two  new  species  from  Niagara  group,  and 
live  from  Keokuk  group.  S.  A.  Miller.  ( Jour.  Gin- 
ciunati  Soc.  Nat.  Hist.,  ii,  254-260,  1880.) 

Dictionary  of  altitudes.  0.  F.  Marbut.  (Missouri  Geol. 
Sur.,  VIII,  225  316,  1895.) 

Formation  of  quaternary  deposits.  J.  £.  Todd.  (Mis- 
souri Geol.  Sur.,  x,  157159,  1896.) 

Iron  ores.  F.  L.  Nason.  (  Missouri  Geol.  Sur.,  ii,  279-280, 
1892.) 

Iron  ores  of  Missouri.  A.  Schmidt.  ( Missouri  Geol.  Sur., 
50214, 1873.) 

New  species  of  crinoids  and  brachiopods  from  Missouri 
hamilton.  B.  B.  Bowley.  (  American  Geologist,  xiii, 
151-154,1894.) 

Paleontology  of  Missouri.  G.  B.  Keyes.  (  Missouri  Geol. 
Sur.,  IV,  314  pp.,  1894.) 

Paleontology  of  Missouri.    0.  B.  Keyes.    (  Missouri  G^ol. 
Sur.,  V,  320  pp.,  1894.) 
Calyptraeidae,  synopsis  of  American  carbonic.    0.  B.  Keyes. 

(Proc.  Acad.  Nat.  Sci.,  Phila.,  1890, 150-181,  1890.) 
Cambrian. 

Annual  report  of  state  geologist  for  1894.  G.  B.  Keyes. 
( Missouri  Geol.  Sur.,  yiii,  406  pp.,  1895.) 
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Cambrian,  continued — 

Oharacteristics  of  Ozark  moaataiDS.  C.  B.  Keyes.  ( Itfis- 
soari  Geol.  Sar.,  viii,  317-352,  1895.) 

Oorreot  saccessioo  of  Ozark  series.  G.  0.  Broikdhead. 
( Amerioan  Geologist,  xr,  260-2G8,  1893.) 

Correct  sacoessioD  of  Ozark  series.  F.  L.  Nason.  (Amer- 
ican Geologist,  XII,  141- 147,  1893.) 

Correlation  papers,  cambrian.  O.  D.  Walcott.  ( 17.  S. 
Geo].  Bur.,  Boll.  81,  199  202,  1891.) 

Faana  of  lower  cambrian  or  Olenellas  zone.  0  D.  Wal- 
cott. ( U.  8.  Geol.  Bar.,  10th  Ann  Bep.,  509  658,  1890.) 

First  and  second  annaal  reports  of  geological  survey  of 
Missonri.  G.  G.  Swallow.  (  Missouri  Geol.  Bar.,  450 
pp.,  1855. ) 

General  geology  of  Missouri  crystalline  area.  G.  B.  Keyes. 
(Missouri  Geol.  Bur.,  yiii,  84-104,  1895.) 

Genesis  of  iron  ores  by  isomorphous  and  psendomorphous 
replacement  of  limestone.  J.  P.  Kimball.  (Ameri- 
can Geologist,  viii,  352-376, 1891.) 

Geological  history  of  Missouri  paleozoic.  G.  0.  Broadhead. 
(  American  Geologist,  xiy,  3S0  388,  1894. ) 

Geological  report  on  Mine  la  Motte  estate,  the  property  of 
Bowland  Hazard,  situated  in  St.  Francois  and  Madi- 
son counties,  Missouri.  J.  E.  Mills.  (One  volume, 
51  pp..  New  York,  1877. ) 

Geology  of  Mine  la  Motte  sheet.  C.  B.  Keyes.  (  Mis- 
souri Geol.  Bur.,  ix,  pt.  iv,  132  pp.,  1896.) 

Iron  mountain  sheet.  A.  Winslow.  (  Missouri  Geol.  Bur., 
Sheet  Beport  No.  3,  97  pp.,  1894.) 

Iron  ores  of  Missouri.  A.  Schmidt.  ( Missouri  Geol. 
Bur.,  502 1 4,  1873.) 

Iron  ores  of  Missouri  and  Michigan.  B.  Pumpelly.  (  One 
volume,  320  pp.,  New  York,  1876 ) 

Magnesian  series  of  the  Ozark  uplift.  F.  L.  Nason. 
( American  Geologist,  xf,  91-94,  1893.) 

Marbles  of  southeast  Missouri.  G.  (J.  Broadhead.  ( Kan- 
sas City  Bev.  Sci.  and  Ind.,  y,  523-527,  1882.) 
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Cambrian,  continued — 

Mineral  region  of  state  of  Missoari.    J.  N.  Nicollet.    (  Am- 

Jour.  Sci.,  ( 1 ),  XLV,  340  341,  1843.) 
Notes  on  ore  deposits  and  ore  dressing  in  southeastern 

Missoari.    J.  F.  Kemp.    ( Oolambia  School  of  Mines 

Quart,  IX,  74-82,  1887.) 
Notes  on  such  rocks  of  Missouri  as  admit  of  a  fine  polish. 

G.  G.  Broadhead.    ( Missouri  Oeol.  Sur.,  413-415, 1873.) 
Notice  of  new  brachiopod  from  lead-bearing  rooks  at  Mine 

la  Motte,  Missouri.    F.  B.  Meek.    (Proc.  Acad.  Nat. 

Sci.,  Phila.,  1871,  185  188,  1871.) 
Occurrence  of  lead  ores  in  Missouri.    J.  B.  Gage.    ( Eng. 

and  Min.  Jour.,  xviii,  194  and  209-210,  1874.) 
Ozark  series.    G.  0.  Broadhead.    ( American  Geologist, 

VIII,  3335,  1891.) 
Paleontology  of  Missouri.    0.  B.  Keyes.    ( Missouri  Geol. 

Sur.,  IV,  32-38,  1894.) 
Preliminary  report  on  principal  mines.    A.  Litton.    (  Mis- 
souri Geol.  Sur.,  1st  and  2nd  Ann.  Bepts.,  pt.  ii,  1-94, 

1855.) 
Prismatic  sandstone  from  Missouri.    E.  Haw.rth.     (Proo. 

Iowa  Acad.  Sci.,  i,  pt.  ii,  36-37,  1892.) 
Belation  of  secular  rock-disintegration  to  certain  transi- 
tional crystalline  schists.    B.  Pampelly.    (Bull.  Geol. 

Soo.  America,  ii,  209-224,  1891.) 
Bemarks  on  Pilot  knob.  Iron  mountain  and  Mine  la  Motte 

districts.     P.   Frazer,  Jr.     (  Proo.   Acad.   Nat.   Sci., 

Phila.,  85-86,  1874.) 
Beport  of  geolot^ical  survey  of  state  of  Missouri,  1873  1874. 

G.  0.  Broadhead.    ( Geol.  Sur.  Missouri,  i,  734  pp , 

1874.) 
Southeast  Missouri  lead  district.     G.  0.  Broadhead.    ( Eng. 

and  Min.  Jour.,  xxii,  59-60,  1875 ) 
Supplementary   note    on   Potsdam    sandstone.     J.   Hall. 

( University  of  New  York,  16th  Ann.  Beg.  Bept.,  210- 

220, 1863.) 
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Camden  County. 

Oherts  of  Missouri.    B.  O.  Hovey.    (  Missouri  Geol.  Sur., 

VII,  7ii7-739,  1894.) 
Dictionary  of  altitudes.    C.  F.  Marbat.    (Missouri  Geo). 

8ur.,  VIII,  226-316,  1896.) 
Iron  ores.     F.  L.  Nasoa.    ( Missouri  GeoL  Snr.,  ii,  240-241, 

1892.) 
Lead  and  zino  deposits.    A.  Winslow.    (Missouri  Geol. 

8ur.,  vii,  401  pp.,  1895.) 
Lead  region  of  central  Missouri.     A.  Schmidt.    (Geol. 

Bur.  Missouri,  1873-74,  i,  603677,  1874.) 
Mineral  waters.    P.  Schweitzer.    ( Missouri  Geol.  Sur.,  ii, 

283  pp.,  189i.) 
Cape  Girardeau  County. 

Catalogue  of  all  recorded  meteorites;   with  descriptions 

of  specimens  in  Harvard  college  collection.     O.  W. 

Huntington.     (Proc.  Am.  Acad.  Art.  and  Sci.,  New 

Ser.,  XV,  37-110, 1887. ) 
Description  of  geological  section  on  Mississippi  river.    B. 

F.  Shumard.    (Mitssouri  Geol.  Sur.,  Ist  and  2nd  Ann. 

Bepts.,  pt.  ii,  137- 184,  1866. ) 
Descriptions  of  new  species  of  crinoidea  from  paleozoic 

rocks  of  Illinois  and  adjoining  states.    F.  B.  Meek 

and  A.  H.  Worthen.    ( Proc.  Acad.  Nat.  Sci.,  Phila., 

143-166,  1866.) 
Dictionary  of  altitudes.    C.  F.  Marbut.    (  Missouri  Geol. 

Sur.,  VIII,  225  316,  1895.) 
Geological   description.      B.   F.   Shumard.      (Geol.   Sur. 

Missouri,  1855-71,258-276,  1873.)     • 
Glyptocrinus  redefined  and  restricted,  Gaurocrinus,  Pycno- 

crinus  and  Compsocrinus  established,  and  two  new 

species  described.     S.  A.  Miller.    (Jour.  Oincinnati 

Soc.  Nat.  Hist.,  V/,  217  230,  1883. ) 
Paleontology  of  Illinois.     F.  B.  Meek  and  A.  H.  Worthen. 

(Illinois  Geol.  Sur.,  iii,  289  565,  1868.) 
Paleontology  of  Missouri.    G.  B.  Keyes.    (  Missouri  Geol. 

Sur.,  V,  320  pp.,  1894. ) 
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C  ape  Girardeau  County,  continued — 

Paleontology  of  Missoari.    0.  B.  Keyes.    ( Missoari  Geol. 

Bar.,  IV,  ai 4  pp.,  1894.) 
Striation  of  rocks  by  river  ice.    J.  B.  Todd.    (Proc.  Iowa 

Acad.  Sci.,  i,  pt.  il,  19-*J0,  1892.) 
Striation  of  rock  by  river  ice.    J.  B.  Todd.    ( American 

OeoloRist,  IX,  396400,  1892.) 
Vertical    section   of   siiarian   strata  of   Gape   Girardean 

connty.    B.  F.  8liaaiard.    ( Trans.  St.  Loais  Acad.  Sci., 

II,  166,  1863.) 
Carbonates. 

Gontribations  from  laboratory  of  Missoari  school  of  mines 
and  metallargy.  G.  P.  Williams.  (Missoari  State 
Univ.,  Ann.  Bep.  for  1876, 197212, 1877.)  Occarrence 
of  smithsonite  in  Dade  connty  is  mentioned. 

Occarrence  of  millerite  in  SL  Loais.  A.  V.  Leonhard. 
(Trans.  Acad.  Sci.  St.  Lonis,  iv,  493  496,  1881.) 

Notes  on  mineralogy  of  Missoari.  A.  Y.  Leonhard.  (Trans. 
Acad.  Sci.  St.  Lonis,  iv,  440-453,  1884.) 

Plambo-refeinite  and  capreoas  salphatecarbonate  of  lead 
in   Missoari.    J.  L.  LeGonte.    (Am.  Jonr.  Sci.,  (2), 

III,  117,  1847.) 
Carboniferous. 

Abstract  of  introdaction  to  fioal  report  on  geological  sar- 

veys  made  in  Wisconsio,  Iowa  and  Minnesota.  D.  D. 
Owen.    (Proc.  Am.  As.  Adv.  Sci.,  v,  119- 132,  1861.) 

American  coal  applicable  to  steam  navigation  and  other 
parposes.  W.  B.  Johnson.  ( Twenty-eighth  Gong., 
Lst,  Sess.,  Sen.  Doc.  486,  p.  539,  1884.) 

American  paleozoic  bryozoa.  B.  O.  Uirich.  (Jonr.  Cin- 
cinnati Soe.  Nat.  Hist.,  vii,  24-45,  1884.) 

Annual  report  of  state  geologist  for  1894.  G.  B.  Keyes. 
(Missoari  Geol.  Sar.,  7111,  406pp.,  1895.) 

Barite  crystals  from  Last  Chance  mine,  Morgan  county, 
Missouri,  and  on  goethite  from  Adair  county,  Mis- 
souri. G.  G.  Broadhead.  (Am.  Jonr.  Sci.,  (3),  xiii, 
419  420,  1877.) 
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Carboniferous,   continued — 

Bethany  Hmestoae  of  western  interior  coal  field.     0.  B. 
Reyes.    ( Am.  Joar.  Sei ,  ( 4 ),  ti,  22 L 226,  1896. ) 

Bevier  sheet.      0.   H.   Gordon.      ( Missoari   Oeol.   Sar., 
IX,  Sheet  Report  No.  2,  85  pp.,  1893.) 

Brecoiated  character  of  St.  Loais  limestone.  G.  E.  Gor- 
don.    (  American  Naturalist,  xxiv,  305-31 1,  1890.) 

Garboniferons  echinodermata  of  Mississippi  basin.  G.  B. 
Reyes.    (  Am.  Jonr.  Sci.,  ( 3),  xxxviii,  186-193,  1839.) 

Garboniferons  limestones  of  Mississippi  valley.  J.  Hall. 
(Proc.  Am.  As.  Adv.  Sci.,  x,  51-70,1856.)  Missoari 
rocks  are  considered. 

Garboniferons  rocks  of  eastern  Ransas.  G.  G.  Broadhead. 
(Trans.  Acad.  Sci.  St.  Lonis,  iv,  481-492,  1884.) 

Garboniferons  rocks  of  southeast  Ransas.  G.  G.  Broad- 
head.    (  Am.  Jonr.  Sci.,  (3),  xxii,  55-57,  1881.) 

Gatalogne  of  blastoidea  in  geological  department  of  British 
mnseam.  B.  Ethridge,  Jr.,  and  P.  H.  Garpenter. 
(One  volume,  28S  pp.,  1886.) 

Gbaracteristics  of  Ozark  mountains.  G.  B.  Reyes.  ( Mis- 
souri Geol.  Sur.,  vili,  317-352,  1895.) 

Ghert  rocks  of  subcarboniferons  Ransas.  E.  Uaworth. 
(Ransas  Gity  Bev.  Sci.  and  Ind.,  y,  669-676,  1882.) 

Gherts  of  Missouri.  E.  O.  Hovey.  (  Missouri  Geol.  Sur., 
VII,  727739,  1894.) 

Ghonetes  as  found  in  western  states  and  territories.  J.  G. 
Norwood  and  H.  Pratten.  (Jonr.  Acad.  Nat.  Sci., 
Phila.,  (2),  in,  23-31,  1851.) 

Ohontean  group  of  eastern  Missouri.  B.  B.  Bowley. 
(  American  Geologist,  m,  III  117,  18S9.) 

Glassiiication  of  lower  carboniferous  rocks  of  Mississippi 
valley.  G.  B.  Reyes.  ( Pamphlet,  24  pp.,  Washington, 
1892.) 

Glays  and  building  stones  of  certain  western  central  coun- 
ties tributary  to  Ransas  Gity.  G.  E.  Ladd.  (Mis- 
souri G30l.  Sur.,  B  ill.  5,  pp.  43-86,  1891 ) 
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Carboniferous,  continued — 

Goal  deposits  of  Iowa.    U.  B.  Keyee.    ( Iowa  Oeol.  Sar.» 

i(,    536     pp.,    1894.)      lowa-Midsoari    coal    field    is 

described. 
Goal  deposits  of  Missoari.    A.  Wiaglow.    ( IViissoari  6eol. 

Sar.,  I,  227  pp.,  1891.) 
Goal  fields  of  Gherokee   county,  Kansas.    E.  Haworth. 

(Traus.  Kansas  Acad.  Sol,  viii,  7-11,  1882.) 
Goal  measures  in  Missouri.    G.  G.  Broadhead.    (Trans. 

St.  Louis  Acad.  Sci.,  ii,  311-344,  1862.) 
Goal  measures  of  Misssouri.    O.  G.  Broadhead.    (  Missouri 

Oeol.  Sur.,  viu,  353  39G.  1895.) 
Goal  measures  of  Missouri.    A.  Winslow.    (U.  S.  Geol. 

Sar.,  Mineral  Besonrces  1892,  429-436,  1893.) 
Goal  mines.    G.   Evans.    (Eighth   Ann.  Bep.,  State   Mine 

Inspectors,  7-270,  1891.) 
Goal  regions  of  America :  their  topography,  geology  and 

development.    J.  Macfarlane.    (One  volume,  469-477, 

1875.) 
Goals  of  United  States.    F.  Prime.    ( U.  S.  Tenth  Gensus^ 

XV,  616,  1885.) 
Gontributions  from   laboratory   of   state  university.     P. 

Schweitzer.      (  Missouri  State  Univ.,  Ann.  Bep.  for 

1875,155-193,  1875.) 
Gontributions  to  paleontology  of  Illinois  and  other  west- 
ern states.    F.  B.  Meek  and  A.  H.  Worthen.    ( Proc. 

Acad.  Nat.  Sci.,  Phila.,  1865,  245-274,  1865.) 
Gontributions  to  paleontology  of  Illinois  and  other  western 

states.    F.  B.  Meek  and  A.  H.  Worthen.    ( Proo.  Acad. 

Nat.  Sci.,  Phila.,  1866,  261-276,  1866.) 
Gordaites,  and  their  related  generic  divisions,  in  carbonif- 
erous formation  of  United  States.      L.  Lesquerenx. 

( Proc.  Am.  Philos.  Soc,  xvii,  315-336,  1878.) 
Gorrelation   papers,  devonian  and   carboniferous.    H.  S. 

Williams.    ( U.  S.  Oeol.  Sur.,  Bull.  80,  279  pp.,  1891.) 

G— 17 
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Carboniferous,  continued — 

Crustacea,  notes  on  paleozoic,  No.  5,  Carbsniferons  trilo- 

bites  from  Missouri.     A.  W.  Vo^t^es.    ( Proc.  CaMtor- 

nia  Acad.  Sci.,  (2),  i,  197198,  1896.) 
Crustal  adjustment  in  the  upper  Mississippi  valley.    O.  R. 
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vol.  XLi,  pp.  359-377,    New    Haven,   1891.)      Incidental 
references  are  made  to  Missoari. 
Characteristics  of  Ozark  mountains.      C.  B.  Keyes.  (Mis- 
soari Geol.  Sar.,  viii,  317-352,  1895.) 
Chariton  County. 

Bevier  sheet.      G.  H.   Gordon.      ( Missoari   Geol.  Sar., 

IX,  Sheet  Beport  No.  2,  85  pp.,  1893.) 
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Chariton  County,  continued — 

Goal  beds.  A.  Wicslow.  (Missonri  Oeol.  Sar.,  i,  91-93, 
1891.) 

Descriptions  of  neV  fossils  from  carbouiferoas  and  devon- 
ian of  Missouri.  G.  0.  Swallow.  (Trans.  St.  Loais 
Acad.  Sci.,  i,  635-651,  1860.) 

Dictionary  of  altitudes.  0.  F.  Marbat.  (Missouri  OeoK 
Sur,,  VIII,  225-316,  1895.) 

Geoloii^y  of  northwestern  Missouri.  O.  0.  Broadhead. 
(  Missouri  Geol.  Sur.,  1-402,  1873.) 

Mineral  waters.    P.  Schweitzer.    ( Missouri  Geol.  Bar., 
Ill,  283  pp.,  1892.) 
Chauvenet,  Regis.    Ghemioal    analyses.     ( Geol.  Sur.   Mis- 
souri, 1873-1874,  vol.  I,  pp.  706-734,  Jefferson  Giiy,  1874.) 

Tables  of  the  chemical  composition  of  the  various  eab- 

stances  examined. 
Chauvenet,  Regis,  and  A.  A.  Blair.    Analyses  of  fuels,  iron 

ores,  and  pig  iron.    ( Missouri  Geological  Survey,  1  voL 

pp.  3149,  New  York,  1873.) 
Ciiauvenet,  Regis,  and  A.  A.  Blair.    Analyses  of  iron  ores, 

pig  iron  and  fuels.    ( Iron  Ores  of  Missouri  and  Michigan, 

320  pp.,  1876.) 
Chauvenet,  W.  M.     Notes  on  samples  of  iron  ore  collected 

in   Missouri.    ( U.  S.  Tenth   Census,  xv,  403-420,  1885.) 

Many  maps,  sections  and  sketches  of  Missoari  mines  are 

given. 
Chemical   analyses.    B.  Chauv^enet.    (Bep.   Geol.  Sur.  Mis- 
souri, 1873-74,  I,  706-734,  1874.) 
Chemung  group  of  New  York,  description  of  new  species'  of 

fossils  from  same  horizon  at  Burlington,  Iowa.     0.   A. 

White  and  B.  P.  Whitfield.    ( Proc.  Boston  Soc.  Nat.  Hist., 

VIII,  28931 6,  1862.) 
Chert. 

Cherts  of  Missouri.    E.  O.  Hovey.    (Missouri  Geol.  Sur., 

VII,  727-758, 1894.) 
Miscellaneous  analysep.    F.   W.  Glarke.      ( U.   S.   GeoU 
Sur.,  Bull.  90,  63-64,  1892.) 
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Chert,  continued — 

Ueber  eine  UnwandliD^  des  Hornsteins.     A.   Schmidt. 
( Neaea  Jahrb.,  1878,  719-721, 1878.) 

Chert  rocks  of  sab-carboniferoas  Kansas.  E.  Haworth. 
( Kansas  Oity  Bev.  Sci.  and  Ind.,  y,  669-676, 1882.) 

Cherts  of  Missouri,  study!  E.  O.  Hovey.  (Missouri  Oeol. 
Sur.,  VII,  727-739,  1896.) 

Cherts  of  Missouri,  study.  E.  O.  Hovey.  (  Am.  Jour.  Soi.,  (3), 
XLVlll,  401-409,  1894.) 

Child,  A.  L.  Loess  of  western  plains  subaerial  or  sub-aqueous. 
(  Kansas  City  Bev.  Sci.  and  Ind.,  vol.  iv,  pp.  293-294,  1880.) 

Chonetes  as  found  in  western  states  and  territories,  with  de- 
scriptions of  eleven  new  species.  J.  G.  Norwood  and  H. 
Pratten.  (Jour.  Acad.  Nat.  Sci.,  Phila.,  (2),  iii,  23-31, 
1854.) 

Chouteau  fauna,  origin.  H.  S.  Williams.  (Journal  Geology, 
IV,  283-290,  1896.) 

Chouteau  group  of  eastern  Missouri.  B.  B.  Bowley.  ( Ameri- 
can Geologist,  III,  111-117,  1889.) 

Christian  County. 

Oherts  of  Missouri.    E.  O.  Hovey.     (  Missouri  Geo!.  Sur., 

VII,  727-739,  1894.) 
Dictionary  of  altitudes.    0.  ¥.  Marbut.    (  Missouri  Geol. 

Sur.,  VIII,  225-316, 1895.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri  Geol. 

Sur.,  VII,  401  pp.,  1895.) 
Lmd  and  zinc  regions  of  southwest  Missouri.    A.  Schmidt 
and  A.  Leonhard.    (  Bep.  Geol.  Sur.  Missouri,  1873-74, 
I,  381-502,  1874.) 

Christy,  D.  Letters  on  geology.  ( One  volume,  Bossville, 
1848.)  This  is  a  series  of  communications  addressed  to 
Dr  John  Locke  of  Gincinnati,  giving  an  outline  of  the  geo- 
logy of  the  west  and  southwest ;  and  also  an  essay  on 
erratic  rooks  of  North  America,  addressed  to  M.  de 
Yerneuil.  It  is  illustrated  by  geological  sections  and 
engravings  of  rare  fossils. 
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Circuminsular  paleozoic  fauna.    S.  Weller.    ( Jonrnal  Oeo* 

logy,  III,  902-917,  1895.) 
Clark  County. 

Breociated    charaoter    of   St.   Louie    limeatone.      O.    H. 

Gordon.    (American  Naturalist,  xxiv,  305-311,  1890.) 
Bridging  of  the  MisBissippi.    G.  K.  Warren.    (U.  S.  En«r., 

Ann.  Bep.  for  1878,  App.  X,  916,  1878.) 
Baried  river  channels  in  soatheastern  Iowa.    0.  H.  Gordon. 

( Iowa  Geol.  Snr.,  iii,  237-255,  1894  ) 
Goal  beds.    A.  Winslow.    (Missouri  Geol.  Bar.,  i,  52  53, 

1891.) 
Catalogue    of   blastoidea    in    geological    department    of 

British  museum.    B.  Ethridge,  Jr.,  and  P.  H.  Carpen- 
ter.   ( One  volume,  288  pp.,  L886.) 
Descriptions    of   fossil  fishes.      O.  St.  John  and  A.   H. 

Worthen.    ( Illinois  Geol.  Sur.,  yi,  243-481, 1875.) 
Descriptions  of  invertebrates  from  carboniferous.    F.  B. 

Meek  and  A.  H.  Worthen.    ( Illinois  Geol.  Sur.,  ii, 

143-423,  1866.) 
Descriptions  of  new  fossils  from  coal  measures  of  Mis- 
souri and  Kansas.    B.  F.  Shumard  and  G.  C  Swallow. 

(Trans.  St.  Louis  Acad.  Sci.,  i,  198-220,  1858.) 
Descriptions  of  new  species  of  vertebrates,  mainly  from 

sub-carboniferous  limestone    and  coal  measures   of 

Illinois.   J.  S.  Newberry  and  A.  H.  Worthen.   ( Illinois 

Geol.  Sur.,  ii,  9-141,  1866.) 
Dictionary  of  altitudes.    C.  F.  Marbut.    (  Missouri  Geol. 

Sur.,  VIII,  225316,  1895.) 
Formation  of  quaternary  deposits.    J.  E.  Todd.    ( Missouri 

Geol.  Sur.,  x,  173-176, 1898.) 
Fourth  series  of  descriptions  of  bryozoa  from  paleozoic 

rocks  of  western  states  and  territories.    H.  A.  Pioat. 

(Trans.  Acad. Sci.,  St.  Louis,  i,  571582,  1860.) 
Geological  description.      B.   F.   Shumard.      ( Geol.   Sur. 

Missouri,  185571,  314323,  1873.) 
Geology  of  Lee  county.    C.  R.  Keyes.    ( Iowa  Geol.  Sur., 

Ill,  305-407,  1894.) 
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Clark  County,  continued — 

Paleontology  of  Missoari.    0.  R.  Keyes.    (Missoari  Oeol. 

Snr.,  IV,  SU  pp.,  1894 ) 
Paleontology  of  Missoari.    0.  K.  Keyes.    ( Missoari  Geol. 

Sur.,  V,  320  pp.,  1894  ) 
What  is  a  geode  ?    R.  W.  Haskins.    (  American  Nataral- 
ist,  II,  496-497,  1869.) 
Clark,  William,  Meriweather  Lewis  and.  Travels  to  source  of 
Missoari  and  across  the  American  continent  to  the  Pacific 
ocean,  performed   by  order  of  the  government  of   the 
United  States  in  the  years  1804,  1805  and  1806.    (London, 
1814.) 
Clarke,  F.  W-    Miscelliineoas  analyses.     (  U.  S.   Geol.   Bar., 
Ball.  90,  pp.  63-64,  Washington,  1892.)    Gives  the  resnlts 
of  analyses  of  some  Missoari  cherts,  tallow  clays  and  lime- 
stone. 
Classification  and   distribalioa  of  Prodacti.      S.   H.  Trow- 
bridge.   (Proc.  Am.  As.  Adv.  8ci.,  xxx,  193-206,  1881.) 
Classification  of  lower  oarboniferoas   rocks  of  Mississippi 
valley.  0.  B.  Keyes.  ( Pamphlet,  24  pp.,  Washington,  1892.) 
Classification  of  ore-depoMts.    J.  S.  Newberry.    ( Eng.  and 

Min.  Joar.,  xxix,  42L-422  and  437  438, 1880.) 
Clays. 

Analyses  of  fuels,  iron  ores,  and  pig  iron.    R.  Ghaavenet 

and  A.  A.  Blair.    (  Missoari  Geol.  Sar.,  31-49,  1873.) 
Bevier  sheet.     C.  H.  Gordon.     (  Missoari  Geol.  Sar.,  ix, 

Sheet  Report  No.  2, 85  pp.,  1893.) 
Bailding  stones  and  clays  of  Iron,  St.  Francois  and  Madi- 
son counties.    G.  E.  Ladd.    ( Missoari  Geol.  Sar.,  Ball. 
No.  1,  2244,  1890.) 
Olay,  stone,  lime  and  sand  industries  of  St.  Louis  city  and 
connty.    G.  E,  Ladd.    ( Missouri  Geol.  Sar.,  Bull.  No. 
3,  5-84,  1890.) 
Glays  and  bailding  stones  of  certain  western  central  conn- 
ties  tributary  to  Kansas  Gity.    G.  E.  Ladd.    (Mis- 
souri Geol.  Sur.,  Bull.  No.  5,  43  86,  1891.) 
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Clays,  continued — 

Higginsville  sheet,  Lafayette  ooanty.    A.  WIdbIow.     ( Mis- 
souri Oeol.  Sar.,  ix,  Sheet  Beport  No.  1,  99  pp.,  1892.) 

Geology  of  Dorthwestern  Missoori.  G.  0.  Broadhead. 
(Missoari  Geol.  Sar.,  ii,  I  402,  1873.) 

Iron  Mountain  sheet.  A.  Winslow.  ( Missoari  Geol.  Sar., 
IX,  Sheet  Beport  No.  3,  97  pp.,  1894.) 

Paints  and  clays.  G.  G.  Broadhead.  (Missoari  Board 
Agricultare,  Third  Bep.,  1867,  200-201,  1868.) 

Zinciferous  clays  of  southwest  Missouri  and  a  theory  as 
to  the  growth  of  the  calamine  of  that  section.  W.  H. 
Seamon.  (  Am.  Jour.  Sci.,  (3),  xxxix,  38-42,  1890  ) 
Clay,  stone,  lime  and  sand  industries  of  St.  Louis  city  and 
county.  G.  E.  Ladd.  (  Missouri  Geol.  Sur.,  Bull.  No. 
3,  5-84,  1890.) 
Clays  and  building  stones  of  certaid  western  central  counties 

tributary  to  Kansas  Gity.    G.  E.  Ladd.    (  Missouri  GeoL 

Sur.,  Bull.  5,  43-80,  1891.) 
Clay  County. 

Coal  beds.  A.  Winslow.  (Missoari  Geol.  Sur.,  i,  112-114, 
189L) 

Descriptions  of  new  fossils  from  carboniferoas  and  devon- 
ian of  Missoari.  G.  C.  Swallow.  (Trans.  St.  Louis 
Acad.  Sci.,  i,  635  651,  1860.) 

Dictionary  of  altitudes.  C.  F.  Marbut.  ( Missouri  Geol., 
Sur.,  VIII,  225-316,  1895.) 

Formation  of  quaternary  deposits  J.  E.  Todd.  ( Mis- 
souri Geol.  Sur.,  X,  146-147,  1890.) 

Geology.  G.  C  Broadhead.  (  Missouri  Geol.  Sur.,  317- 
326,  1873.) 

Mineral  waters.  P.  Schweitzer.  ( Missouri  Geol.  Sur.,  iii, 
283  pp.,  1892.) 

Prehistoric  evidences  in  Missouri.  G.  C.  Broadhead. 
(Smithsonian  Ins*.,  Ann.  Kept.  1879,  350-359,  1880.) 
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Claypole,  E.  W.  Story  of  Mississlppi-Missoari.  ( American 
Geologist,  vol.  iii,  pp.  361-378,  Minneapolis,  1889.)  Origin 
of  the  two  streams  is  discassed.  The  former  is  regarded 
as  very  old,  dating  from  carboniferoas  time,  and  the  latter 
as  very  jonng. 

rcierc,  F.  L.]    Lead  and  zinc  of  soathwest  Missoari.    (Eng. 

and  Min.  Joar.,  vol.  xliii,  pp.  397-398,  New  York,  1887.) 

Describes  the  origin  of  shale  pockets  in  the  limestone 

sarface  of  the  region. 
Clinton  County. 

Goal  beds.    A.  Winslow.    ( Missoari  Geol.  Sar.,  i,  103-105, 

1891.) 
Descriptions  of  new  fossils  from  coal  measures  of  Mis- 
souri and  Kansas.    B.  P.  Shamard  and  G.  G.  Swallow. 

( Trans.  St.  Loais  Acad.  Sci.,  i,  198-220,  1858.) 
Dictionary  of  altitudes.    G.  F.  Marbnt.    (  Missouri  Geol. 

Sur.,  VIII,  226-316,  1895.) 
Formation  of  quaternary  deposits.    J.  E.  Todd.    ( Missouri 

Geol.  Sur.,  x,  146,  1896.) 
Genera  and  species  of   North   American   carboniferoas 

trilobites.    A.  W.  Yodges.    (  Annals  New  York  Acad. 

Sci.,  IV,  69-105,  1888.) 

Mineral  waters.    P.  Schweitzer.  ( Missouri  Geol.  Sur.,  iii, 

283  pp.,  1892.) 
Coal. 

American  coals  applicable  to  steam  navigation  and  other 

purposes.    W.  R.  Johnson.    (Twenty-eighth   Gong., 

1st  Sess.,  Sen.  Doc.  486,  539,  1844.) 
Analyses  of  fuels,  iron  ores,  and  pig  iron.    R.  Ghauvenet 

and  A.  A.  Blair.    (  Missoari  Geol.  Sur.,  31-49,  1873.) 
Bevier  sheet.    G.  H.  Gordon.    ( Missouri  Geol.  Sur.,  ix, 

Sheet  Report  No.  2,  86  pp.,  1893.) 
Goal  beds  of  Lafayette  county.     A.  Wioslow.    (Missouri 

Geol.  Sur.,  Bull.  No.  1,  14-21,  1890.) 
Goal  deposits  of  Iowa.    G.  R.  Keyes.    (Iowa  Geol.  Sur., 

II,  536  pp.,  1894.)    Iowa-Missouri  coal  field  is  described. 
Coal  deposits  of  Missouri.    A.  Winslow.    ( Missouri  Geol. 

Sur.,  I,  227  pp.,  1891.) 
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Coalj  continued — 

Goal  measares  of  Missouri.    6. 0.  Broadhead.    (  Missoart 

Geol.  Sar.,  yiit,  353-396,  1895.) 
Coal  measares  of  Missouri.    A.  Winslow.    (  U.  S.  GeoK 

2Sar.,  Mineral  Resources  1892,  429  436,  1893.) 
Goals  of  United  States.     F.  Prime.    ( U.  S.  Tenth  Censas, 

XV,  616,  1885.) 
Gontribatious  from    laboratory  of   state  university.     P. 

Schweitzer.    (Missoari   State   Univ.,  Ann.  Bep.    for 

1875, 156-193,  1875 ) 
Description  of  carboniferoas  rocks  of  Iowa  inclading  that 

of  a  coal  field  west  of  the  Mississippi  lying  partly  in 

Iowa  and  partly  in   Missouri.     D.D.Owen.    (GeoK 

Sur.  Wisconsin,  Iowa  and  Minnesota,  90-140, 1852.) 
Geological    formations  of   Iowa.    G.  B.  Kejes.    ( Iowa 

Geol.  Sur.,  I,  1M43,  1895.) 
Geology  of  northwestern   Missouri.     G.   G.  Broadhead. 

( Missouri  Geol.  Sur.,  1-402,  1873.) 
Hlgginsville  sheet,  Lafayette  county.    A.  Winslow.    (Mis- 
souri Geol.  Sur.,  ix.  Sheet  Beport  No.  1,  99  pp.,  1892.) 
Lincoln  county.     W.  B.  Potter.     (  Missouri  Geol.  Sur.,  ii, 

215-289,  1873.) 
Nature  of  coal  horizons.  G.  B.  Keyes.  (Journal  Geology, 

I,  178-186,  1894.) 
Notes  on  coal  mining  in  thin  coal  beds.     A.  Winslow  and 

L.  Gluck.    (  Missouri  Geol.  Sur.,  i,  173-186,  1891.) 
Origin  of  anthracite.    G.  B.  Keyes.    (  American  Geologist, 

XIII,  411-415,  1894.) 
Pockets  and  outliers  of  coal.    G.  G.  Broadhead.    ( Mis- 
souri Geol.  Sur.,  i,  338-341,  1874.) 
Beport   on   Moniteau   county.      F.   B.  Meek.    (Missouri 

Geol.  Sur.,   1st  and  2nd  Ann.  Bepts.,  pt.  ii,  95-119, 

1855.) 
Statistics  in  regard  to  Missouri  coal  product.  J.  A.  Jones. 

(  Bep.  Mining  Industry  in  U.  S.  at  11th  Census,  1890, 

38D.389,  1892.) 
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Coal  basins  of  soathwest  Missouri,  flora  of  oatlyiog  carbon- 
iferous.   D.  White.    ( U.  S,  Geol  Sun,  Bull.  98,  139  pp.^ 

1893.) 
Coal  beds  of  Lafayette  county.    ^.  Winslow.    (  Missouri  Oeol. 

Sur.,  Bull.  No.  I,  1421,  1890.) 
Coal  deposits  of  Iowa.    O.  B.  Keyes.    ( Iowa  Geol.  Bur.,  ii, 

536  pp.,  1894 )    Iowa  Missouri  coal  field  is  described. 
Coal  deposits  of  Missouri.     A.   Winslow.    ( Missouri  Geol. 

Sur.,  I,  227  pp.,  1891.) 
Coal  fields  of  Cherokee  county,  Kansas.    E.  Hawortb.  (Trans» 

Kansas  Acad.  Soi.,  yiit,  7-11, 1882.) 
Coal  fields,  preliminary  report  from  field  work  of  1872.    B» 

Pnmpelly.    (Missouri  Geol.  Sur.,  670  pp.,  1873.) 
Coal  flora  of  carboniferous  formations  in  Pennsylvania  and 

throughout   the    United  States.     L.  Lesquereux.    (Geol. 

Sur.  Pennsylvania,  P,  41-425,  L880.) 
Coal  horizons,  nature.    C.  B.  Keyes.    (Journal  Geology,  i, 

178186,  1894.) 
Coal  measures,  Missouri,  and  the  condilions  of  their  deposi- 
tion.   A.  Winslow.    (Bull.  Geol.  Soc.  America,  in,  109- 

121,  1892.) 
Coal  measures  of  Missouri.    A.  Winslow.    (  U.  S.  Geol.  Sur., 

Mineral  Besources  1892, 429-436, 1893.)    Short  descriptive 

sketch. 
Coal   measures  of   Missouri.    G.  0.   Broadhead.    (  Missouri 

Geol.  Sur.,  yiii,  353-396,  1895.) 
Coal   measures  in   Missouri.    G.  G.  Broadhead.    (Trans.  St. 

Louis  Acad.  Sci.,  it,  311-344,  1862.) 
Coal  measures  of  Missouri  and  Kansas,  descriptions  of  new 

fossils.    B.  F.  Shnmard  and  G.  0.  Swallow.    (Trans.  St. 

Louis  Acad.  Sci.,  i,  198-220,  1858.) 
Coal  measures  of  Missouri,  list  of  fossils  collected  in  1872. 

C.  J.  Norwood.    (Missouri  Geol.  Sur.,  ii,  416  420,  1873.) 
Coal   measures  of   Missouri,  thickness.      G.  G.  Broadhead. 

(  Kansas  Oity  Be  v.  Sci.  and  Ind ,  i,  392-393,  1877.) 
Coal  of  United  States.    F.  Prime.    (  U.  S.  Tenth  Gensus,  xv^ 

616,  L885.) 
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Coal   mines.     C.  Evans.     (  Eighth    Ann.   Bep.  State     Mine 

Inspectors,  7-270,  1891) 
Coal  mining  in  thin  coal  beds.     -i.  Winslow  and   L.   61ack. 

(  Missouri  Geol.  Snr.,  i,  173  18G.  1891.) 
Coal   regions  of  America;      their  topography,  geology   and 

development.    J.  Macfarlane.    (  One  volume,  467*477,  New 

York,  1873.) 
Cobalt.    (  See  Sulphides ) 
Cobalt  in  Missouri.    6.  Troost.    (  Am.  Jour.  Sci.,  ( 1 ),  xii,  37d« 

1817.) 
Cobb,  Henry.    Notes  on  the  history  of  lead  mining  in   Mis- 
souri.   (Geol.  Snr.  Missouri,  1873-74,  vol.  i,  pp.  671  685, 

Jefferson  City,  1874.) 
Cole  County. 

Cherts  of  Missouri.    E.  O.  Hovey.    (  Missouri  Oeol.  Sar., 

VII,  727739,  1894.) 
Dictionary  of  altitudes.    C.  F.  Marbat.    (  Missouri  Geol. 

Sur.,  VIII,  225-316,  1895.) 
Geological  descriptioo.      G.  C.   Brojidhead.      ( Miesoari 

Geol.  Sur.,  i,  322338,  1874.) 
Illustration  of  flexibility  of  limestone.    A.  Winslow.   (  Am. 

Jour.  Sci.,  (3),  XLiii,  133-134,  1892.) 
Iron  ores.     V.  L.  Nason.     (  Missouri  Geol.  Sur.,  il,  243, 

189  J.) 
Ii»ad  and  zinc  deposits.      A.  Winslow.    ( Missouri  Oeol. 

Sur.,  VII,  401  pp.,  1895.) 
L^ad  mines  in  Missouri.     G.  C.  Broadhead.    ( American 

Naturalist,  iv,  766,  1870 ) 
Lttkd   region   of  central   Missouri.    A.  Schmidt.    ( Geol. 

Sur.  Missouri,  i,  503577,  1874.) 
Mineralogy  of  Cole  county,  Missouri.     G.  C.  Broadhead. 

'  Trans.  St.  Louis  Acad.  Sci.,  in,  xxxiii-xxxiv,  1870.) 
Collection  of  building  and  ornamental  stone  in  U.  S.  natioDal 
miiHeum.     (i.  P.  Merrill.     (  Smithsonian  Inst.,  Ann.  Bep. 
18S?,  278  618,  1889.) 


BIBLIOOaAVHT.  285 

Composition  of  cleansed  ores  of  lead  and  zinc  at  Aarora, 

Missoari.     H.  G.  Spencer.    ( Bull.  Mifisoari  Min.  Olab,  i, 

28-32,  1895.) 
Composition  of  cleansed  ores  of  southwest  Missouri.    H.  G. 

Spencer.    (Bull.  Missouri  Min.  Olub,  i,  Ko.  2,  50-51, 1895.) 
Conrad,  T.    Descriptions  of  eight  new  fossil  shells  of  the 

United  States.    ( Proo*  Acad.  Nat.  Sci.,  Phila.,  vol.  ii,  pp. 

173- 1 75,  Philadelphia,  1846 )  Bellerophon  8oi88ile  is  described 

from  «te.  Genevieve  county. 
Contributions  to  arcbaean  geology  of  Missouri.    E.  Haworth. 

(  American  Geologist,  i,  280-297  and  363-382,  1888.) 
Contributions  to  archaean  geology  of  Missouri.     E.  Haworth. 

(Johns  Hopkins  Univ.  Circulars,  viir,  No.  65,  7172,  1888.) 
Contributions  from  laboratory  of  Missouri  school  of  mines 

and  metallurgy.      0.  P.  Williams.    (Missouri  State  Univ., 

Ann.  Rep.  for  1876,  197-212,  1877.) 
Contributions   from   laboratory  of  school   of  mines.    0.  P. 

Wiiliamp.    (  Missouri  State  Univ.,  Ann.  Bep.  for  1875, 195- 

208,  1876.) 
Contributions    from     laboratory    of    state     university.      P. 

Schweiizer.    (Missouri  State  Univ.,  Ann.  Bep.  for  1874, 

160-169,  1875.) 
Contributions    from    laboratory    of    state    university.      P. 

Schweiizer.    (Missouri  State  Univ.,  Ann.  Bep.  for  18'25, 

155-193,  1875.) 
Contributions  to  knowledge  of  iron  ores  of  Missouri.    0.  P. 

Williams.    (Missouri  State  Univ.,  Ann.  Bep.  for  1872, 133- 

147,  1873.) 
Contributions  to  paleontology  of  Illinois  and  other  western 

states.    F.  B.  Meek  and  A.  H.  Worthen.    ( Proc.  Acad. 

Nat.  Sci.,  Phila.,  1865,  245  274,  1865.) 
Cooper  County. 

Goal  beds.    A.  Winslow.    (Missouri  Oeol.  Sur., r,  127-128, 

1891.) 
Descriptions  of  fossil  fishes.    O.   St.  John  and   A.   H. 
Worthen.    ( Illinois  Oeol.  Sur.,  vi,  243  481,  1875.) 
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Cooper  County,  continued — 

Ddscriptions  of  fossil   fishes.    O.  St.  Joho  and    A.    H. 

WortheD.    ( Illinois  Geol.  Sar.,  vii,  53-364,  1883.) 
DescriptioDS  of  iDvertebrates  from  oarboDiferoas  system. 

F.  B.  Meek  and  A.  H.  Worthen.    (IlliDOis  6eoI.  Bar.^ 

II,  143423,  1886.) 
DescriptioDS  of  lower  oarboniferoas  criDoids  from  Mia- 

soari.    (  Missouri  Oeol.  Sar.,  Ball.  4,  40  pp.,  1891.) 
DescriptioDS    of    new    fossils    from    carboDiferoas    and 

devoDiaa  of  Missouri.    6.  0.  Swallow.    (Trans.  St. 

Liais  Acad.  Sci.,  i,  635  651, 1860.) 
Descriptions  of  new  species  of  fossils  from  oarboniferoas 

limestones  of  Indiana  and  Illinois.    J.  Hall.    (Trans. 

Albanj  Inst.,  iv,  1-36,  1858.) 
Descriptions  of  new   species  of  fossils  from   Ohio  and 

western  states  and  territories.    F.  B.  Meek.    ( Proc. 

Acad.  Nat.  Sci.,  Phila.,  1871,  159-178,  1871.) 
Descriptions  of  some  new  fossils  from  oarboniferoas  and 

devonian  rocks  of  Missoarl.    O.  0.  Swallow.    (Trans. 

St.  Lonis  Acad.  Sci.,  ii,  81-101,  1863.) 
Descriptions  of  some  new  species  of  invertebrates  from 

paleozoic  rocks  of  Illinois  and  adjoining  states.     S. 

A.  Miller  and  W.  F.  E.  Garley.    ( Illinois  State  Mas. 

Nat.  Hist..  Ball.  3,  81  pp.,  1894.) 
Dictionary  of  altitades.    0.  F.  Marbat.    (Missoari  Geol. 

Sar.,  VII  r,  225-316,  1895.) 
Faana  of  lower  oarboniferoas  limestones  of  Spergen  Hill, 

Ind.,  with   a  revision   of  descriptions   of  its  fossils 

hitherto  pablished  and  illastrations  of  species  from 

original  type  series.    B.  P.  Whitfield.    (  Ball.  American 

Mas.  Nat.  Hist.,  i,  39-47,  1882.) 
First  and  second  annual  reports  of  geological  sarvey  of 

Missouri.     G.  G.  Swallow.     (  Missoari  Geol.  Sar.,  186- 

203,   1855.) 
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Cooper  County,  continued — 

Formation   of  quaternary  deposits.    J.   E.  Todd.    ( Mis- 

sonri  Geol.  Bar.,  x,  155-156,  1896.) 
Fossil  vertebrates.    J.  S.  Newberry  and  A.  H.  Worthen. 

( Illinois  Geol.  Sar.,  ly,  343-374,  1870.} 
Oenera  and   species   of   North   American  carboniferous 

trilobites.    A.  W.  Vogdes.    (  Annals  N.  Y.  Acad.  Sci., 

IV,  69-105, 1888.) 
Review  of  Ste.  Genevieve  copper  deposits.    F.  Nicholson. 

(Trans.  Am.  iQSt.  Min.  Eog.,  x, 444-457, 1882.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri  Geol. 

Snr.,  VII,  401  pp.,  1895.) 
Lead  region   of  central   Missouri.     A.  Schmidt.    (Bep. 

Geol.  Sur.  Missouri,  i,  503-577,  1874) 
New  and  interesting  species  of  paleozoic  fossils.    S.  A. 

Miller  and  W.  F.  £.  Guriey.    ( Illinois  State  Mus.  Nat. 

Hist,  Bull.  7,  90  pp.,  1895 ) 
New  species  of  criaoidn  from  Illinois  and  other  states. 

S.  A.  Miller  and  W.  F.  E.  Garley.    (Illinois   State 

Museum  Nat.  Hist.,  Bull.  9,  66  pp.,  1896.) 
Paleontology  of  Iowa.    J.Hall.    (Geology  Iowa,  i,  473- 

725,  1858.) 
Paleontology  of  Missouri.    G.  B.  Eeyes.    ( Missouri  Geol. 

Sur.,  IV,  314  pp.,  1894.) 
Paleontology  of  Missouri.    O.  B.  Eeyes.    ( Missouri  Geol. 

Sur.,  V,  320  pp.,  1894.) 
Copper. 

Oontribntions  from  laboratory  of  Missouri  school  of  mines 

and    metallurgy.     O.  P.  Williams.    ( Missouri   State 

CJniv.,  Ann.  Bep.  for  1876,  197-212,  1877.)     Shannon 

county  deposits  described. 
Geological  report  on  Mine  la  Motte  estate,  the  property 

of  B.  Hazard,  situated  in  St.  Francois  and  Madison 

counties,  Missouri.    J.  E.  Mills.    (One   volume,  51 

pp..  New  York,  1877.) 
Metallic  wealth  of  United  States.    J.  D.  Whitney.    (  One 

volume,  481  pp..  Philadelphia,  1854.) 
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Copper,  continued — 

Missoari  copper  minea.  T.  S.  Case.  ( Kansas  City  Be  v. 
Sci.  and  Ind.,  vi,  304-307,  1882.) 

Notes  on  Mineralogy  of  Missoari.  A.  Y.  Leonhard. 
( Trans.  Aoad.  Sci.  St.  Loais,  iv,  440-453,  1884.) 

Notes  on  Shannon  connty  and  its  copper  deposits.  O.  P. 
Williams.  ( Geol.  Snr.  Missoari,  Indnstrial  Report  on 
Lead,  Zinc,  and  Iron,  157167,  1877.) 

Preliminary  report  on  principal  mines.  A.  Litton.  (  Mis- 
soari Oeol.  Sar.,  1st  and  2nd  Ann.  Bepts.,  pt.  ii,  1-94, 
1855.) 

Review  of  Ste.  Genevieve  copper  deposits.  F.  Nicholson. 
(Trans.  Am.  Inst.  Min.  Eng.,  x,  444-457,  1882.) 

Ste.  Genevieve  connty  copper  mines.    J.  R.  Gage.    (Kan- 
sas City  Rev.  Soi.  and  Ind.,  i,  603-605,  1877.) 
Copper  and  glacial  striae  in  central  Missoari.    J.  W.  Kirk- 

Patrick.    ( Science,  xviii,  344-315,  1891.) 
Copper,  native.  (See  Elements.) 
Copper  mines,  Missoari.    T.  G.  Oase.    ( Kansas  Oity  Rev.  Sci. 

and  Ind.,  vi,  304-307,  1882.) 
Copper  mines,  Ste.  Genevieve  connty.    J.  R.  Gage.    (Kansas 

Oity  Rev.  Sci.  and  Ind.,  i,  603-605,  1877.) 
Corals. 

Descriptions  of  fossil  invertebrates.  A.  H.  Worthen. 
(Illinois  Geol.  Sar.,  vai,  69154,  1890.) 

Descriptions  of  new  species  of  fossils  from  Marshall  groop 
of  Michigan,  and  its  snpposed  equivalent  in  other 
states ;  with  notes  on  some  fossils  of  same  age  pre- 
viously described.  A.  Winchell.  (  Proc.  Acad.  Nat. 
Sci.,  Phila.,  1865,  109-134,  1865.j 

Descriptions  of  some  new  species  of  invertebrates  from 
paleozoic  rocks  of  Illinois  and  adjacent  states.  S.  A. 
Miller  and  W.  F.  E.  Gnrley.  (Illinois  State  Mas. Nat. 
Hist.,  Ball.  3,  81  pp.,  1894.) 

Fossils  from  carboniferous  rocks  of  interior  states.  Oc  A. 
White.  (  U.  S.  Geol.  and  Geog.  Sar.  Terr.,  I2th  Ann. 
Rep.,  1878,  155171,  1883.) 
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Corals,  continued — 

Observations    on    Kinderhook    fossils.    B.    B.    Bowley. 

( American  Geologist,  iii,  275-276,  1889.) 
Paleontology  of  Missoari.    0.  B.  Keyes.    (  Missouri  Geol. 

Sar.,  IV,  104-124,  1894.) 
Beview  of  contribntions  to  paleontology.    6.  0.  Broad- 
head.  (Kansas  Oity  Bev.  Sei.  and  Ind.,  iv,  448-449, 1880w) 
Cordaites  and  their  related  generic  divisions,  in  carbonifer- 
ous formation  of  United  States.    L.  Lesquereaz.    ( Proc. 
Am.  Philos.  Soc,  xvil,  315-336,  1878.) 
Correct  saccession  of  Ozark  series.   6. 0.  Broadhead.   (Ameri- 
can Geologist,  XI,  260-268,  1893.) 
Correct  saccession  of  Ozark  series.    F.  L.  Nason.     (Ameri- 
can Geologist,  XII,  141-147,  1893.) 
Correlation  papers,  archaean  and  algonkian.    0.  B.  Van  Hise. 

( U.  S.  Geol.  Sar.,  Ball.  86,  261-265,  1892.) 
Correlation  papers,  cambrian.    0.  D.  Waloott.    ( IT.  S.  Geol. 

Sar.,  Ball.  81,  199-202,  1891.) 
Correlation  papers,  devonian  and  carboniferoas.    H.  S.  Wil- 
liams.   (IT.  S.  Geol.  Sar.,  Ball.  80,  279  pp.,  1891.) 
Correlations    of    carboniferoas    formation.       E.    Haworth. 

(University  Geol.  Sar.  Kansas,  i,  145-193, 1896.) 
Cotemporaneity  of  man  and  mastodon  in  Missoari,  Dr.  Koch's 
evidence.    J.D.Dana.    (Am.  Joar.  Soi.,  (3),  ix,  335-348, 
1875) 
Crawford  County. 

Dictionary  of  altitades.    O.  F.  Marbat.    ( Missoari  Geol. 

Sar.,  VIII,  225-316,  1895.) 
Geological  description.    B.  F.  Shamard.    (Geol.  Sar.  Mis- 
soari, 1855-71,  243-257,  1873.) 
Iron  ores.    F.  L.  Nason.    (Missoari  Geol.  Sar.,  ii,  218- 

220,  1892.) 
Iron  ores  of  Missoari.  A.  Schmidt.   ( Missoari  Geol.  Sar., 

50-214,  1873.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missoari  Geol. 
Sar.,  VII,  401  pp.,  1895.) 

a— 19 
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Cretaceous. 

Annnal  Report  of  state  geologist  for  1894.    0.  B.  Keyes. 

(  Missouri  Oeol.  Sar.,  viii,  406  pp.,  1895.) 
Oharacteristics  of  Ozark  monntaiDS.    0.  B.  Keyes.     (  Mis- 

soari  Geol.  Son,  viii,  317-362,  1895.) 
First  and  second  annual  reports  of  geological  survey  of 
Missouri.    G.  0.  Swallow.    (  Missouri  Geol.  Snr.,  450 
pp.,  1855.) 
Paleontology  of  Missouri.    0.  B.  Keyes.    ( Missouri  Geol. 

Sur.,  IV,  87,  1894.) 
River  valleys  of  Ozark  plateau.    O.  H.  Hershey.    ( Ameri- 
can Geologist,  xvi,  338  356, 1895.) 
Southern  extension  of  cretaceous  in  Iowa.    E.  H.  Lons- 
dale.   ( Proc.  Iowa  Acad.  Sci.,  i,  pt.  iv,  39  43,  1894.) 
Reference  is  made  to  the   probable    occurence    of 
cretaceous  in  northwestern  Missouri. 
Grinoid,  Burlington,  new  species.     B.  R.  Rowley.    (  American 

Geologist,  v,  146-147,  1890.) 
Crinoidea,  description  of  new  species,  from  paleozoic  rocks 
of  Illinois.    F.  B.  Meek  and  A.  H.  Worthen.    (Proc.  Acad» 
Nat.  Sci.,  Phila.,  143156,  1865.) 
Crinoidea,  distribution  of,  in  western  states.    L.  P.  YandelK 

( Proc.  Am.  As.  Adv.  Sci.,  v,  229-235,  1851.) 
Crinoidea  trom  paleozoic  rocks  of  western  and  southern  por- 
tions of    United    States,  description.      B.  F.   Shumard. 
(Trans.  St.  Louis  Acad.  Sci.,  i,  71-81,  1857.) 
Grinoids  and  blastoids,  new  species.    0.  Wachmuth  and  F. 

SpriDger.    ( Illinois  Geol.  Sur.,  viii,  155  203,  1890.) 
Grinoids  and  brachiopods  from  Missouri  hamilton,new  species.. 
R.  R.  Rowley.    (American  Geologist,  xiii,  15L-154,  1894.) 
Grinoids,  blastoids,  and  brachiopods  from  devonian  and  sub- 
carboniferous  rocks  of  Missouri,  description  of  some  new 
species.     R.  R.  Rowley.    (  American  Geologist,  xii,  303- 
309,  1893.) 
Grinoids  and  other  fossils  of  Hudson  river  group,  and  notice 
of  Strotocrinns  bloomfieldensis,  descriptions.     S.  A.  Miller. 
(Jour.  Cincinnati  Soc.  Nat.  Hist.,  iv,  69-79,  1884.) 
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Crinoids,  description  of  lower  carboniferoas.     S.  A.  Miller. 

(Missonri  Oeol.  Sar.,  Ball.  4,  40  pp.,  1891.) 
Crinoids,  new  speoies  from  Illinois  and  other  states.    S.  A. 
Miller  and  W.  F.  E.  Garley.    ( Iflioois  State  Musenm,  Ball. 
9,  66  pp.,  1896.) 
Critical  notices  of  varions  remains  hitherto  discovered   in 
North  America.    R.  Harlan.    (Trans.  Geol.  Soo.  Pennsyl- 
vania, i,  47-112,  1834.) 
Crowley  ridge  and  adjacent  areas  soath  of  limit  of  glaciation, 
relationship  of  pleistocene  to  prepleistocene  formations. 
B.  D.  Salisbary.'    ( Arkansas  Geol.  Sar,  Ann.  Bep.  1889, 
11,224-248,  1891.) 
Crowley  ridge,  preface  to  geology.    J.  0.  Branner.    (  Arkan- 
sas Geol.  Sar.,  Ann.  Bep.  1889,  ii,  9-19,  1891.) 
Crustaceans. 

Description  of  two  new  species  of  carboniferons  trilobites» 
A.  W.  Vogdes.  ( Trans.  N.  Y.  Acad.  Sci.,  Vli,  247-25  U 
1888.) 
Genera  and  species  of  North  American  carboniferons 
trilobites.  A.  W.  Vogdes.  ( Annals.  N.  Y.  Acad.  Sci., 
IV,  69. 106,  1888.)  ^ 

Paleontology  of  Illinois.    F.  B.  Meek  and  A.  H.  Worthen 

( Illinois  Geol.  Sar.,  in,  289-565,  1868.) 
Paleontology  of  Missonri.    0.  B.  Keyes.    (  Missoari  Geol 

Sar.,  IV,  226239,  1894.) 
Sketch  of  geological  history  of  Licking  coanty,  accompany 
ing  an  illustrated  catalogue  of  carboaiferoas  fossils 
from  Flint  ridge,  Ohio.    C.  L.  Herrlck.    (  Ball.  Sci 
Lab.  Denison  Univ.,  ii,  5-70,  1887.) 
Grustal  adjustment  in  upper  Mississippi  valley.    0.  B.  Keyes 

( Bull.  Geol.  Soc.  America,  v,  231-242, 1894.) 
Crystalline  area,  general  geology.    O.  B.  Keyes.    (  Missouri 

Geol.  Sur.,  viir,  84104,  18116.) 
Crystalline  rocks  of  Missoari.    £.   Haworth.    (Proc.   Iowa 

Acad.  Sci.,  I,  pt.  i,  66-68,  1890.) 
Crystalline  rocks  of  Missoari.    E.  Haworth.    ( Missoari  Geol. 
Sur.,  VIII,  81-221,  1895.) 
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Crystalline  rooks  of  Missouri,  age  and  origin.    E.  Haworth. 

( Missouri  Geol.  Sar.,  Ball.  5,  pp.  11-42,  1891.) 
Dade  County. 

Goal  beds.    A.  Winslow.    (  Missouri  Oeol.  Sur.,  i,  160-161, 

1891.) 
Contributions  from  laboratory  of  Missouri  school  of  mines 
and  metallurgy.     0.   P.   Williams.    (Missouri   State 
Univ.,  Ann.  Eep.  for  1876,  197  212,  1877.)     Note  on 
smitbsonite. 
Dictionary  of  altitudes.    0.  F.  Marbut.    ( Missouri  Oeol. 

Sur.,  VIII,  222-316,  1895.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri  Geol. 

Sur.,  VII,  401  pp.,  1895.) 
Lead  and  zinc  regions  of  southwest  Missoari.     A.  Schmidt 
and  A.  Leonhard.    ( Geol.  Sur.  Missouri,  Bep.  1873-74, 
I,  381-602,  1874.) 
Dallas  County. 

Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri   Geol. 
Sur.,  VII,  401  pp.,  1895.) 
Dana,  E.  S.,  and  S.  L.  Penfield.     Artificial   crystallized   lead 
silicate.    (Am.  Jour.  Sci.,  (3),  vol.  xxx,  pp.  133-140,  New 
Have*,  1885.) 
Dana,  J.  D.    Dr.  Koch's    evidence    with    regard    to    cotem- 
poraneity  of  man  and  mastodon  in  Missouri.    ( Am.  Jour. 
Sci.,  (3),  vol.  IX,  pp.  335  348,  New  Haven,  1875 ) 
Daviess  County. 

Goal  beds.    A.  Winslow.    ( Missouri  Geol.  Sur.,  i,  99-100, 

1891.) 

Dictionary  of  aUitudes.  C.  F.  Marbut.  (Missouri  G<eol. 
Sur.,  VIII,  225316,  1895.) 

Formation  of  quaternary  deposits.  J.  E.  Todd.  (Mis- 
souri Geol.  Sur.,  x,  180,  1896.) 

Geological  description.  G.  0.  Broadhead.  (Missouri 
Geol.  Sar.,  i,  312  321,  1874.) 

Mineral  waters.  P.  Schweitzer.  ( Missouri  Geol.  Sur., 
111,283  pp.,  1892) 
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Davis,  W.  B.,  nnd  D.  S.  Darrie.  Physical  geography  of  Mis 
soari.  ( Illastrated  History  of  Missonri,  pp.  228-245,  St 
Lonis,  1876.)    Short  sammary  of  the  geology  and  minerals 

Davis,  W.  M.  Osage  river  and  Ozark  uplift.  (Science,  vol 
XXII,  pp.  276  279,  New  York,  1893.)  Describes  the  physio 
graphic  events  in  the  region. 

Day,  D.  T.  Mineral  resonrces  of  United  States.  (  U.  S.  Geol. 
Sar.,  Statistics  for  L835,  600  pp..  Washington,  1886.)  In 
regard  to  Missonri :  Goal,  280-282;  coke,  401 402 ;  copper, 
H2;  iron,  14;  iron  ores,  97-98;  lead,  147-148;  limestones, 
541;  limonite,  97-98;  manufactured  fertilizers,  625; 
mineral  waters,  717;  ocher,  709;  zinc,  155;  others,  18, 
98,  282,  533. 

Day,  D.  T,  Mineral  resonrces  of  United  States.  (  U.  S.  Geol. 
Sur.,  Statistics  for  1886,  813  pp.,  Washington,  1887.) 
References  to  Missouri  are :  Barite,  525 ;  coal,  35*36  ; 
copper,  210;  feldspar,  523;  fertilizers,  469;  iron,  182; 
lead,  259 ;  manganese,  347-348 ;  mineral  waters,  538 ;  ocher, 
528 ;  zinc,  273. 

Day,  D.  T.  Mineral  resources  of  United  States.  ( U.  S.  Geol. 
Sur.,  Statistics  for  1887,  832  pp.,  Washington,  1888.)  Mis- 
sonri mineral  localities,  750-753;  iron,  46-47;  lead,  110; 
coal,  272 ;  copper,  69 ;  mineral  waters,  684 ;  natural  gas, 
495. 
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9-141,  1866.) 

Descriptions  of  some  new  fossils  from  carboniferons  and 
devonian  rocks  of  Missouri.  O.  0.  Swallow.  ( Trans.  St. 
Lonis  Acad.  8m.,  ii,  81-101, 1863.) 

Descriptions  of  some  new  genera  and  species  of  ecbinodermata 
from  coal  measures  and  snb-carboniferons  rocks  of  Indiana, 
Missouri  and  Iowa.  S.  A.  Miller  and  W.  F.  E.  Onrley. 
(Famphlef,  59  pp.,  Oincinnati,  1890.) 

Descriptions  of  some  new  genera  and  species  of  ecbinodermata 
from  coal  measnres  and  snb-carboniferons  rocks  of 
Indiana,  Missonri  and  Iowa.  S.  A.  Miller  and  W.  F.  £. 
Garley.  ( Jour.  Cincinnati  Soc.  Nat.  Hist.,  xiii,  3-25, 
1890.) 

Descriptions  of  some  new  species  of  crinoids,  blastoids  and 
brachiopods  from  devonian  and  snb-carboniferons  rocks 
of  Missonri.  B.  S.  Rowley.  (American  Oeoloi^ist,  xii, 
303-309,  1893.) 

Descriptions  of  some  new  species  of  invertebrates  A:om 
paleozoic  rocks  of  Illinois  and  adjacent  states.  S.  A.  Mil- 
ler and  W.  F.  B.  Gniley.  ( Illinois  State  Mus.  Nat.  Hist, 
Ball.  3,  81  pp.,  1894.) 

Descriptions  of  some  remains  of  fishes  from  carboniferons 
and  devonian  formations  of  United  States.  J.  Leidy. 
( Jonr.  Acad.  Nat.  Sci.,  Pbila.,  (2),  in,  159-166, 1854.) 

Descriptions  of  some  snb-carboniferons  and  carboniferons 
cepbalopods.  S.  A.  Miller  and  C.  Faber.  ( Jonr.  Cincin- 
nati Soc.  Nat.  Hist,  xiv,  164-169, 1892.) 

Descriptions  of  new  species  from  Niagara  gronp,  and  five 
from  Keoknk  gronp.  S.  A.  Miller.  (Jonr.  Cincinnati  Soc. 
Nat.  Hist.,  IT,  254-260,  1880) 


298  BIBLIOOBAPHY. 

Descriptions  of  two  new  specieB  of  carboDiferoas  trilobitee. 
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Drainage. 
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Biver  valleys  of  Ozark  plateau.    O.  H.  Hershey.    ( Ameri- 
can Geologist,  xvr,  338-356, 1895.) 
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museum.      B.    Ethridge,  Jr.,  and   P.  H.   Carpenter- 
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Description  of  fosail  invertebrates.  A.  H.  Worthen. 
(Illinois  Oeol.  Sar.,  yiii,  69-154, 1890.) 
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nati Soc.  Nat.  Hist ,  vr,  217  230,  1883) 

New  and  interesting  species  of  paleozoic  fossils.  8.  A. 
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G— 20 
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225-364,1885) 
Revision  of  Palaeocrinoidea,  part  3,  section  2.    G.  Wachs- 
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Faber,  Charles,  and  S.  A.  Miller.  Description  of  some  sab- 
carboniferous  cephalopods.  (Jour.  Oincinnati  Soc.  Nat. 
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collection.  (Field  Oolnmbian  Mas.,  Geol.  8er.,  vol.  i,  65 
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pp.,  1895.) 
Description  of  coal  flora  of  carboniferoas  formations  in 

Pennsylvania  and  tbroaghoat  the  United  States.    L. 

Lesqaerenx.     (Oeol.  Sar.  Pennsylvania,  P.,    41-425, 

1880.) 
Descriptions  of   fossil   fishes.    O.   St.  John  and   A.  H. 

Worthen.    (Illinois  GeoJ.  Sar.,  vi,  243481, 1875.) 
Description   of   fossil   fishes.      O.  St.    John  and  A.   H. 

Worthen.    (Illinois  Geol.  Sur.,  vii,  53-264, 1883.) 
Descriptions  of   fossil  invertebrates.     A.   H.   Worthen. 

(Illinois  Geol.  Sar.,  yiii,  69-154,  1890.) 
Descriptions  of  fossil  vertebrates.    J.  S.  Newberry  and 

A.    H.  Worthen.    (Illinois  Geol.   Sar.,    iv,  343-374, 

1870.) 
Descriptions  of  invertebrates  from  carboniferoas  system. 

F.  B.  Meek  and  A.  H.  Worthen.    (Illinois  Geol.  Sar., 

II,  143-425,  1866.) 
Descriptions  of  invertebrates  from  carboniferoas  system. 

F.  B.  Meek  and  A.  H.  Worthen.    ( Illinois  Geol.  Sar., 

V,  ;^21.689,  1875.) 
Descriptions  of  new  species  of  vertebrates,  mainly  from 

sab-carboniferoas  limestone  and  coal  measares  of  Illi- 
nois.   J.  S.  Newberry  and  A.  H.  Worthen.    ( Illinois 

Geol.  Sar.,  ii,  9-141, 18R6) 
Dictionary  of  fossils  of  Pennsylvania.   J.  P.  Lesley.  (  Geol. 

Sar.  Pennsylvania,  Rep.  P4,  i-iii,  1-1283,  1890.) 
List  of  fossils  from  coal  measares  of  Missoari  collected  in 

1872.    G.  J.  Norwood.    (  Missoari  Geol.  Sar.,  416-420, 

1873.) 
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Fossils,  continued — 

List  of  fossils  in  Kansas  Oity  and   vicinity.     W.   H.  B» 

Ljkins.    (Kansas  Oity  Bev.  Sci.  and  Ind.,  viii,  72-77^ 

1884.) 
North  American  crinoidea  camerata.    0.  Wachsmath  and 

F.  Springer.    ( Memoirs  Mns.  Oomp.  Zool.,  vol. ^ 

pp ,  1895.) 
Paleontology.    B.  F.  Shnmard.    ( Missouri  Geol.  Bar.,  Isi 

and  2nd  Ann.  Bepts.  pt.  ii,  185-208,  1855.) 
Paleontology  of  Illinois.    F.  B.  Meek  and  A.  H.  Worthen. 

( Illinois  Geol.  Bar.,  iii,  289-565,  1868.) 
Paleontology  of  Missouri.    0.  B.  Keyes.    ( Missouri  Geol. 

Bur.,  lY,  314  pp.,  1894.) 
Paleontology  of  Missouri.    0.  B.  Keyes.    (  Missouri  GeoL 

Bur.,  V,  320  pp.,  1894.) 
Paleozoic  bryozoa.     E.  O.  Ulrich.      (Illinois  Geol.  Sar.« 

Ylll,  283  638,  1890.) 
Beport  on  geological  survey  of  state  of  lovira.    J.  Hall. 

( Geology  Iowa,  i,  pt.  ii,  472-724,  1858.) 
Beport  [  on  Hannibal  and  Bt.  Joseph  railroad  section  J* 

F.  Hawn.     (Missouri  Geol.  Bur.,  1st  and  2nd  Ann. 

Bepts.,  pt.  ii,  12M36,  1855 ) 
Btratigraphic  catalogue  of  Missouri  fossils.    0.  B.  Keyes. 

(  Missouri  Geol.  Bur.,  ly,  341-3d4,  1894.) 
Bynonymic  indexical  list  of  fossils  of  Missouri.    C.  B. 

Keyes.    (  Missouri  Geol.  Bur.,  y,  241-266,  1894.) 
Fossils,  catalogue.     G.  Hambach.    ( Missouri  Geol.  Bur.,  BalL 

No.  1,  60-85,  1890.) 
Fossils,  description  of  some,  from  carboniftrous  and  devonian 
rocks  of  Missouri.     G.  G.  B wallow.    (Trans.  Bt.  Louis 
Acad.  Sci.,  ii,  81101,  1863.) 
Fossils  from  carboniferous  rocks  of  interior  states.    0.  A. 
White.    ( U.  B.  Geol.  and  Geog.  Bur.  Terr.,  12tli  Ann.  Bep.» 
1878,  155-171,  1883.) 
Fossils  from  coal  measures  of  Missouri,  collected  in  1872,  list. 
G.  J.  Norwood.    (  Missouri  Geol.  Bur.,  416-420,  1873.) 
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Fossils  from  devoDian  and  carboniferous  rocks  of  Mississippi 

valley,  description  of  new  species.    0.  A.  Wliite.    (Proc. 

Boston  Soc.  Nat.  Hist.,  ix,  8-32,  1862.) 
Fossils  from  Illinois  and  Iowa,  descriptions.    F.  B.  Meek  and 

A.  H.  Wortben.    (Proc.  Acad.  Na^  Sci.,  Phila.,  128-149,. 

1861.) 
Fossils  from  Obio  and  western  states  and  territories,  descrip- 
tion.    F.  B.  Meek.    (Proc.  Acad.  Nat.  Sci.,  Pbila.,  1871, 

159  178,  1871.) 
Fossils  from  paleozoic  rocks  of  western  states  witb  illustra- 
tions, desciiptione.    J.  H.  McObesney.    ( Pampblet,  96  pp., 

18t)0.) 
Fossils  from  paleozoic  rocks  of  western  states,  descriptions 

of  new  species.    J.  H.  McCbesney.    (Trans.  Obicago  Acad.. 

Sci.,  I,  158, 1867.) 
Fossils  from  Primordial  zone,  Potsdam  sandstone  and  calcif- 

erous  sand   group  of    Wisconsin  and   Missouri.    B.  F. 

Sbumard.    (Trans.  St.  Louis  Acad.  Sci.,  ii,  101  108,  1862.)- 
Fossils  in  Kansas  Oity  and  vicinity,  list.     W.  H.  B.  Lykins. 

(Kansas  City  Rev.  Sci.  and  Ind.,  viu,  7277,  1884.) 
Fossils,  ne^  species  from  Marshall  group  of  Micbigan  and  its 

supposed  eqaivalent  in  other  states;  with  notes  of  some 

fossils  of  same  age  previously  described.    A.  Winchell.. 

(  Proc.  Acad.  Nat.  Sci.,  Pbila.,  1865,  109-134,  1865. ) 
Fossils,   fitratigrapbic  catalogue,  of  Missouri.    0.  H.  Keyes. 

( Missouri  Geol.  Sur.,  iv,  241264,  1894. ) 
Fossils,  synonymic  indezical  list,  of  Missoori.    O.  E.  Keyes*. 

( Missouri  Geol.  Sur.,  v,  241-266,  189J. ) 
Foster,  J.  W.,  and  J.  D.  Whitney.    Geology  of  lake  Superior 

land  district.    (Thirty-first  Congress,  Special  Sess.,  Ex. 

Doc.  No.  4,  pp.  6L-63,  Washington,   1851.)     Account  of 

Missouri  ores  is  given. 
[Fourth]   report  of  progress  of  geological   survey.    G.    0. 

Swallow.    (Twentieth  Gen.  Assem.  Missouri,  1st.  Sess,. 

App.  Jour.,  97106,  1859.) 
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Fourth  series  of  deBcriptioDs  of  bryozoa  from  paleozoic  rocks 
of  western  elates  aiid  terriioiies.    H.  A.  Front.     (TraDB. 
Acad.  8ci.,  St.  Loais,  i,  571  582,  1860.) 
Franklin  County. 

Ohertfi  of  Missoari.    E.  O.  Hovey.    (  Missoari  Oeol.  Sar., 

VII,  727.739,  1891.) 
DictioDary  of  altitudes.    G.  F.  Marbat.    ( Missoari  6eo1. 

Bar.,  vni,  226  316,  1895.) 
Formation  of  quaternary    deposits.    J.   E.  Todd.     (Mie- 

sonri  Oeol.  Bar,  x,  161,  1896  ) 
Iron  ores.     F.  L.  Nason.    ( Missoari  Oeol.  Bar.,  it,  245-246, 

189/.) 
Iron    ores  of    Missoari.     A.   Schmidt.    {Missouri    Oeol. 

Sur.,  50  214,  1873. ) 
Lead  mines  of  southeast  Missouri.     J.  B.  Oage.    (GeoL 

Sur.  Missouri,  Rep.  1873.74,  i,  601-687,  1874.) 
Notes  of  samples  of  iron  ore  collected  in  Missouri.     W. 

M.  Obauvenet.    (Tenth  Census  of  United  States,  xv, 

403-420,  1886.) 
Preliminary  report  on  principal  mines.    A.  Litton.    (Mis- 
souri Geol.  Bur.,  1st  and  2nd  Ann.  Eepts.,  pt.  ii.  1-94. 

1855.) 
Frazer,  Persifor,  Jr.,    Remarks  on  Pilot  knob,  Iron  mountain 
and   Mine  la   Motte   districts.     ( Proc.   Acad.  Nat.   Sci., 
Phila.,  1874,  pp.  85-86,  Philadelphia,  1874) 
Fuchs,  Ed,  et  L.  de  Tiauoay.    Traite  des  gites  mineraux  et 
metalliferfs.      (Two  volumes,   Parii?,   1893.)      References 
made  to  the  occurrence  of  varioas  metals  in  Missouri. 
Further  notes  on  artiticial  lead  silicate  from  Bonne  Terre,  Mo. 
H.   A.    Wheeler.     (Am.  Jour.   Sci.,  (3),   xxxii,  272-273, 
1889.) 
Gage,  J.  R.    Lead   mines  of  southeast  Missouri.    (  Geol.  Sur. 
Missouri,  1873  74,  vol.  i,  pp.  601  687,  JeflFerson  City,  1874.) 
A  brief  account  is  given  of  the  ore  deposits  and  the  accom- 
panying minerals. 
Gage,  J.  R.    Occurrence  of  iron   ores  in   Missouri.     (  Trans. 
Acad.  Sci.  St.  Louis,  vol.  in,  pp.  181-193,  St.  Louis,  1870.) 
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Gage,  J.  R.    Occnrrenoe  of  lead  ores  in  Idissonri.    ( En^.  and 

MiD.  Jonr.,  vol.  xviii,  pp.  194  and  209-210,  New  York, 

1874.) 
Gage,  J.  R.    Occnrrence  of  lead   ores  In   Missoari.    (Trans. 

Am.  Inst.  Min.  Eng.,  vol.  iii,  pp.  116-126,  1875.) 
Gage,  J.  R.    Ste.  Genevieve  coanty  copper  mines.    (Kansas 

Oity  Rev.  8ci.  and  Ind.,  vol.  i,  pp.  603-605,  Kansas  City, 

1877.) 
Gannett,  Henry.    Dictionary  of  altitudes  in    (Jnited   States. 

(U.   8.  Oeol.  Sar.,  Ball.  5,  325  pp.,   Washington,   1884.) 

Elevations  in  the  state  are  given. 
Gannett,  Henry.    Dictionary  of  altitades  in   United   States. 

(U.  S.  Geo].  Sor.,  Ball.  76,  273  pp.,  Washington,  1891.) 

List  of  elevations  in  the  state  is  inclnded. 
Gasconade  Gounty. 

Dictionary  of  altitades.  C.  F.  Marbat.  ( Missoari  Oeol. 
Sar.,  VIIT,  225  316,  1895.) 

Mammoth  (Mastodon?).  Anonymous.  (Am.  Joar.  Sci., 
(1),  XXXVI,  198201,  1839.) 

Mastodon  remains  in  state  of  Missoari,  together  with  evi- 
dences of  existence  of  man  contemporaneous  with  the 
mastodon.    A.  0.  Koch.    ( Trans.  St.  Loais  Acad.  Sci., 

I,  61-65,  1858.) 
Gasteropods. 

Oontribntions  to  paleontology  of  Illinois  and  other  west- 
ern states.  F.  B.  Meek  and  A.  H.  Worthen.  (Proc. 
Acad.  Nat.  Sci.,  Pbila.,  1866,  251-276, 1866.) 

Descriptions  of  eight  new  fossil  shells  of  the  United 
States.  T.  Conrad.  ( Proe.  Acad.  Nat  Sci.,  Pbila.,  ii, 
173-175,1846.) 

Descriptions  of  invertebrates  from  carboniferous  system. 
F.  B.  Meek  and  A.  H.  Worthen.    (Illinois  Geol.  Sur., 

II,  U3-423,  1866.) 

Descriptions  of  new  fossils  from  carboniferoas  and  devon- 
ian of  Missouri.  G.  O.  Swallow.  (Trans.  St.  Louis 
Acad.  Sci.,  i,  635-65] ,  1860.) 
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Gasteropods,  continued — 

DeaoriptioDS  of  new  fosails  from  coal  meuares  of  Mi«- 

soori  and  KADsas.    B.  F.  fcihamard  and  G.  C.  Swmllow* 

(Trans.  St.  Louis  Acad.  ScL,  i,  198-220,  1858.) 
DescriptioDB  of  new  genas  and  tire  new  species  of  fossils 

from  deTonian  and  sab-carboDiferoos  rocks  of  Mis- 

BOQii.    R.  R.  Rowley.    {  American  Geologist,  xri,  217- 

223,  18d5.) 
Fossils  from  carboniferoos  rocks  of  interior  states.     C.  A. 

White.    (  U.  8.  Geol.  and  Geog.  8nr.  Terr.,  12ili  Ann. 

Rep.,  1878,  155-171,  188a) 
Notice  of  some  new  and  imperfectly  known  fossils  from 

Pcimordial  lone.  Potsdam  sandstone  and  Calciferons 

sand  group  of  Wisconsin  and  Missonri.    B.  F.  Shu- 

mard.    ( Trans.  8r.  Loais  Acad.  ScL,  ii,  101-lOH,  I86!;.> 
Paleontology.    B.  F.  Sbnmard.    (  Missonri  Geol.  Bur .  Ist 

and  2nd  Ann.  Repts.,  pt.  ii,  185  208, 1855  ; 
Paleontology  of  Illinois.    F.  B.  Meek  and  A.  H.  Woithen. 

( Illinois  Geol.  Snr.,  iii,  289-565. 1868.) 
Paleontology  of  Missonri.    C.  R.  Keyes.    [  Missonri  Geol. 

Sar.,  V,  133-216  pp.«  1894.) 
Remarkable  fanna  at   base   of   Burlington   limestone   in 

northeastern   Missonri.     C.  R.   Keyes.    <  Am.  Joar. 

Sci-  v3  ,  XLiT,  447-452.  1S92. 
Review  of  contributions  to  paleontology,  2-8«  by  C.  ▲• 

White.     G.  0.  Rroadhead.      Kacaas   City  Rer.  Sci. 

and  Ind.«  iv.  448  449,  1S90. 
Spb;vrodoma :  a  g^nns  of  fossil  gasteropoda.    C.  R.  Keyes. 

^  rrac.  Acad.  Nat.  Sci..  Phil*..  1S!(9,  303^309.  1889.) 
Synopsis  of  American  carbonic  c*lyp'r*idie,    C.  R.  Keyes. 
Proc.  Aoa^l,  NaT.  Sci.,  Puilt^  IS90,  KMMSl,  IdSa* 
Castero^VKls,  Spb;vrodoTO«.  a  genns  of  fof«l.    C.  R.  Keyes. 

.  rn>c,  Acati.  Nat.  Sci.,  Phila^  ,n>S^S09.  1nS9. 
GAuroonnus,  r^ontvrina^anii  CiiTpsocrinns  established,  and 
two  nc^    li^pcoics  «1c»CTib«d,  ii'Tpiocrrns  r^edefined  and 
TV*tnotod.     S.  .\,  Mi'ler.     .loar,C:ncinnaTi  SocXat.  Hist.% 
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-Genera  and  species  of  North  American  carboniferoas   trilo- 

bites.     A.  W.  Vod^i^es.    (  Annals  N.  Y.  Acad.  Sci.,  lY,  69- 

105,  1888. ) 
<}ene8i8  of  iron  ores  by  isomorphons  and  pseadomorphoas 

replacement  of  limestone.    J.  P.  Kimball.    ( American  Oe- 

ologist,  Yiii,  352-376,  1891. ) 
Oenera,   new,  and  species  of  echinodermata.    8.  A.   Miller 

and  W.  F.  E.  Onrley.    ( Illiaois  State  Mns.  Nat.  His.,  Ball. 

5,  52  pp.,  1894. ) 
Oenesis  of  ore  deposits.    F.   Posephy.    (Trans.   Am.  Inst. 

Min.  Eng.,  xxr[(,  197,  1894.) 
Genesis  of  ores  of  iron.    J.  S.  Newberry.    ( Oolnmbia  School 

of  Mines,  Qaart.,  i,  87-104,  1880.) 
Genesis  of  oar  iron  ores.    J.  S.  Newberry.    (Bng.  and  Min. 

Jonr.,  XXXI,  286-287  and  298-300,  1881. ) 
Gentry  County- 

Ooal  beds.    A.   Winslow.    ( Missouri  Geol.   Snr.,  i,  100, 

1891.) 
Dictionary  of  altitudes.    0.  F.  Marbnt.    (  Missouri  Oeol. 

Sur.,  \iii,  225-316,  1895. ) 
Formation  of  quaternary  deposits.    J.   E.  Todd.    (Mis- 
souri Oeol.  Sur.,  x,  143,  1896.) 
Mineral  waters.    P.  Schweitzer.    (Missouri  Oeol.  Sur., 
Ill,  283  pp,  1892. ) 
Geode,  what  is  a.    B.  W.  Haskins.    (  American  Naturalist,  ii, 

496-497,1869.) 
Geographic  development  of  eastern  part  of  Mississippi  drain- 
age.   L.  G.  Westgate.    ( American  Geologist,  xi,  245-260, 
1891.) 
Geograpliic  relations  of  granites  and  porphyries  in  eastern 
part  of  Ozarks.    0.  B.  Keyes.    (Ball.  Geol.  Soc.  America, 
VII,  363-376,  1896.) 
Geological  exploration  of  part  of  Iowa,  Wisconsin  and  Illi- 
nois.   D.  D.  Owen.    (26th  Oong.,  1st  Sess.,  House  Bepre- 
sentatives,  Ex.  Doc.  No.  239,  9-115, 1840.) 
^Geological  formations  of  Iowa.    G.  B.  Keyes.    ( Iowa  Geol. 
Sur.,  I,  11-143,  1893.) 
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Geological  hiBtory  of  Misaoori.    Arihiir  Winslow.    ( Ameri- 
can Geologist,  XT,  81-89,  1895.) 

Geological  history  of  Missoari  paleozoic  G.  C.  Broedhemd. 
i  AmeriGan  Geologist,  xit,  380^388, 189IJ 

Geological  map  and  section  of  rocks  of  Missoori,  reinarks. 
G.  C.  Swallow.    V  Proc.  Am.  As.  Adv.  Sci^  xx,  262,  187 1.> 

Geological  map  and  section  of  rocks  of  Missoari,  remmrkjB. 
G.  C.  Swallow.    (  American  Natnralisi,  Y,  5ll-5iS,  1871.) 

Geological  reconnoissance  of  northwestern  coonties  of  Ar- 
kansas. D.  D.  Owen.  (  Arkansas  GeoL  Sor^  First  Aqo. 
Repn  105-109*  1858.) 
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( Pamphlet.  99  pp.  and  map,  1859.' 

Geological  report  of  examinations  made  in  1834  of  eleTated 
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Geological  section  at  ProTidenee,  MissonrL  A  Stoart.  (  Kan- 
sas Univ.  Qoart.  it.  161-16.%  1896.,' 
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pt.  ii*  137-184.  1855.) 
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of  Utah,  App.  E.  399-4 U,  1:^53. 
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1647,  1821.) 
Geology  of  Appanoose  coanty.    H.  F.   B^&in.    ( Iowa   Geol. 
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Hall,  James.  Oeology  and  paleontology  of  country  traversed 
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St.  Louis,  1884.)    Fossils  from  the  state  are  described. 
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Haworth,  Erasmus.  Prismatic  sandstone  from  Missonn. 
(Proc.  Iowa  Acad.  Sci.,  vol.  i,  pt.  ii,  pp.  36-37,  Des  Moines, 
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XXII,  3132,  1893) 
Paleontology  of  Missonri.    G.  K.  Keyes.    (  Missonri  Oeol. 

Sur.,  lY,  314  pp.,  1894.) 
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souri.   (  American   Geologist,  vol.  xvi,  pp.  294-300,  Min- 
neapolis, 1895.)     Recognizes  the  Eureka  shale  in  the  state 
with  several   thin  limestones   beneath,  all   of  which   are 
referred  to  the  Devonian. 
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Hershey,  Oscar  H.  Biver  valleys  of  Ozark  platean.  (  Ameri- 
can  Geologist,  vol.  XYi,  pp.  338-356,  Minneapolis,  1895.) 
Locates  the  date  of  the  aplift  and  describes  the  character 
of  the  drainage. 

Hickory  County. 

Lead  and  zinc   deposits.     A.  Wioslow.    ( Missoari  Geol. 

Sur.,  VII,  401  pp.,  1895.) 
Lead  region  of  central  Missoari.    A.  Schmidt.    ( Oeol.  Bar. 
Missoari,  Rep.  187374,  i,  503-577,  1874.) 

Higg^insville  sheet,  Lafayette  county.  A.  Winslow.  ( Missoari 
Geol.  Bar.,  ix,  Sheet  Report  No.  1,  100  pp.,  1892.) 

Hilgard,  E.  W.  Remarks  on  drift  of  western  and  soathem 
states,  and  its  relation  to  glacier  and  iceberg  theories. 
(Am.  Jonr.  Soi.,  (2),  vol.  xlit,  pp.  343-348,  New  Haven, 
1866 ) 

Hilgard,  E.  W.  Geological  history  of  gnlt  of  Mexico.  ( Ameri- 
can Nataralist,  vol.  vi,  pp.  514  524,  Salem,  1871.)  Treats 
of  formations  that  have  gradaally  filled  ap  the  ancient 
Mississippi  embayment.  Most  ancient  shore-line  of  embay- 
ment  is  formed  by  Garboniferoas  rocks.  Daring  the 
Tertiary,  the  shore-line  receded  from  soathern  Illinois  to 
Baton  Ronge  and  was  parallel  with  present  one. 

Hill,  Robert  T.  Reconnoissance  of  Oaachita  moantain  system 
in  Indian  territory.  (Am.  Joar.  Sci.,  (3),  vol.  XLii,  pp. 
111-121,  New  Haven,  1891.)  Attempts  to  show  that  the 
Ozark  and  Oaachita  aplifts  are  very  different  stractares. 

History  of  British  fossil  mammals  and  birds.  R.  Owen.  (One 
volame,  290-298,  1846.) 

History  of  lead  mining  in  Missoari,  notes.  H.  Oobb.  (Geol. 
Sur.  Missoari,  Rep.  187374,  i,  671686, 1874.) 

Hodg^e,  Jas.  T.  Wisconsin  and  Missoari  lead  region.  ( Am. 
Joar.  Sci.,  (  1 ),  vol.  XLiii,  pp.  35-72,  New  Haven,  1842.) 
A  general  account  of  the  mineral  deposits  is  given. 

Holt  County. 

Goal   beds.    A.  Winslow.    ( Missoari  Geol.  Sar.,  i,  102, 
1891.) 
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Holt  County,  continued — 

Dictionary  of  altitadee.    0.  F.  Marbat.    (  MIsaonri   GeoL 

Snr.,  viii,  22&316,  1895.) 
FormatiOD  of  qaateruary   deposits.    J.  E.  Todd.     (  Mia- 

sonri  Oeol.  Sur.,  x,  142, 1896.) 
Geology.    G.  0.  Broadhead.    (  Missonri  Geol.  Sur.,  359- 
375,  1873.) 

Hopkins,  T.  C.  Springs:  inflaence  of  stratigraphy  on  their 
emergence,  as  illnstrated  in  Ozark  nplift.  (  American  Geo- 
logist, vol.  xiY,  pp.365  368,  Minneapolis,  1894.)  Applies 
more  directly  to  Arkansas,  bnt  refers  also  to  sonth west- 
ern Missouri. 

Horner,  W.E.  Dental  system  of  mastodon.  (Trans.  Am. 
Philos.  Soc.  N.  S,  vol.  viii,  pp,  53-60,  Philadelphia,  1840) 
An  account  of  some  lower  jaws,  in  Mr.  Koch's  collection, 
where  there  is  a  solitary  tusk  on  the  right  side. 

Horner,  W.  E.  Note  of  remains  of  mastodon.  ( Proc.  Am. 
Philos.  Soc,  vol.  T,  pp.  279-283,  Philadelphia,  1861.)  Galls 
attention  to  extinct  animals  collected  in  St.  Louis. 

Horner,  W.  E.  Note  of  remains  of  mastodon,  and  some  other 
extinct  animals,  collected  together  in  St.  Loois,  Missonri. 
( Am.  Jour.  Sci.,  (1),  vol.   XL,  pp.  56-60,  New  Haven,  1840  ) 

Horner,  W.  E.  Remarks  on  dental  system  of  mastodon. 
(Proc.  Am.  Philos.  Soc,  vol.  i,  pp.  306-308,  Philadelphia, 
1861.)  Abstract  of  an  account  of  some  lower  jaws  in  Mr. 
Koch's  collection. 

Hornsteins,  Ueber  eine  Unwandling  des.  A.  Schmidt. 
(Neues  Jahrb.,  1878,  719-721,  1878.) 

Hovey,  Edmund  O.     Study   of   cherts  in   Missonri.      (Am. 
Jour.  Sci.,  (3),  vol.  XLViii,  pp.  401-409,  New  Haven,  1894.) 
The  results  of  a  microscopical  and  chemical  examination 
of  chert  from  various  localities  in  the  state  are  given. 

Hovey,  Edmund  O.  Study  of  cherts  of  Missouri.  ( Mis- 
souri Geol.  Sur.,  vol.  vii,  pp.  727-738,  Jefferson  City,  1894.) 
A  number  of  chert  specimens  were  examined  chemically 
and  microscopically  and  are  described  in  detail. 
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Howard  County. 

Bowlder  of  copper  and  glacial  stri^  in  central  Missouri. 

J.  W.  Kirkpatrick.    ( Science,  xviii,  344446,  1891.) 
Coal  beds.    A.  Winslow.    ( Missouri  Geol.  Sur.,  i,  87-91, 

1891.) 
Descriptions  of  new  fossils  from  coal  measures  of  Mis- 
souri and  Kansas.    B  F.  Shumard  and  O.  0.  Swallow. 

(Trao8.  Acad.  Sci.,  St.  Louis,  i,  198-220,  1858.) 
Dictionary  of  altitudes.    O.  F.  Marbut.    (Missouri  Oeol. 

Sur.,  VIII,  225-316,  1805.) 
Geological    description.      O.  0.  Broadhead.     (Missouri 

Geol.  Sur.,  i,  177-221,  1874.) 
Mineral  waters.    P.  Schweitzer.    ( Missouri  Geol.  Sur.,  iii, 

283  pp.,  1892.) 
Striation  of  rocks  by  river  ice.    J.  £•  Todd.    (Proc.  Iowa 

Acad.  Sci.,  i,  pt.  ii,  19-20,  1892.) 
Striation  of  rocks  by  river  ice.    J.  E.Todd.    (American 

Geologist,  IX,  396  400,  1892.) 
Howell  County. 

Cherts  of  Missouri.     E.  O.  Hovey.    ( Missouri  Geol.  Sur., 

VIT,  727-739,  1894.) 
Dictionary  of  altitudes.    0.  F.  Marbut    ( Missouri  Geol. 

Sur.,  VIII,  225316,  1895.) 
Iron  ores.    F.  L.  Nason.    ( Missouri  Geol.  Sur.,  ii,  246, 

1892.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri  Geol. 

Sur.,  VII,  401  pp.,  1895.) 
Mineral  waters.    P.  Schweitzer.    ( Missouri  Geol.  Sur.,  iii, 

283  pp.,  1892.) 
Hoy,  P.  R.     Dr.  Koch's  Missourium.     ( American   Naturalist, 

vol.  V,  p.  147,  Salem,  1871.) 
Hummocks  and  bowlders  of  decomposition*  in  southeastern 
Missouri.    J.  W.  Spencer.      (American   Naturalist,  xxi, 
366368, 1887.) 
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Humphreys,  A.  A.,  and  H.  L.  Abbot.  Report  npon  physics 
and  hjdraalicB  of  MisBisfiippi  river.  ( Profession  Papers  t 
Oorps  Top.  Eog.  U.  S.  Army,  No.  13,  691  pp.,  WashiD^^ton, 
1876.)  Nameroas  notes  are  given  on  the  geological  fea- 
tures contigaoQS  to  the  river. 

Hunt,  T.  S.  Decay  of  rocks  geologically  considered.  (Am. 
Jour.  Sci.,  ( 1 ),  vol.  XXVI,  p.  207,  1883.)  The  rocks  of  Mis- 
souri are  especially  referred  to. 

Hunt,  T.  S.  Iron  ores  of  United  States.  ( Bog.  and  Aiio.  Joar.^ 
vol.  L,  pp.  601  602  and  624,  New  York,  1890.)  Gives  the 
geological  distribation  of  ores  in  Missouri. 

Hunt,  T.  S.  On  some  points  in  American  geology.  ( Am.  Joar. 
Sci.,  (2),  vol.  XXXI,  pp.  392-413,  New  Haven,  1861.) 

Hunt,  T.  S.  Reactions  of  salts  of  lime  and  magnesia,  and  on 
formation  of  gypsums  and  magnesian  rocks.  (Am.  Jonr. 
Sci.,  (2),  vol.  xxviii,  pp.  365-384,  New  Haven,  1859.)  No- 
tices the  magnesian  limestones  of  the  state. 

Huntinffton,  Oliver  W.  Catalogue  of  all  recorded  meteorites ;. 
with  descriptions  of  specimens  in  Harvard  college  collec- 
tion, including  the  cabinet  of  the  late  J.  Lawrence 
Smith.  (  Proc.  Am.  Acad.  Art.  and  Sci.,  New  Ser.,  vol.  xv,. 
pp.  37-110,  Boston,  1887.)  Several  references  are  made  to 
meteoric  falls  in  Missouri. 

Hydrocarbons,  bitumen,  asphaltum,  petroleum,  pyroschists. 
6.  0.  Broadhead.  ( Kansas  City  Bev.  Sci.  and  Ind.,  i,  209- 
224,  1877.) 

Hydraulics  of  Mississippi  river,  report  upon  physics.  A.  A. 
Humphreys  and  H.  L.  Abbot.  ( Professional  Papers,  Corps 
Top.  Eng.  U.  S.  Arjay,  No.  13,  691  pp,  1876.) 

Hydrographical  basin  of  upper  Mississippi  river,  report 
intended  to  illustrate  a  map.  J.  N.  Nicollet.  (Twenty- 
sixth  Cong.,  2nd  Sess.,  Sen.  Doc,  Y,  pt.  ii.  No.  237,  16  pp., 
1841.) 

Hydrography. 

Bevier  sheet.      C.   H.   Gordon.      (Missouri  Geol.    Sur.^ 
IX,  Sheet  Report  No.  2,  85  pp.,  1893.) 
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Hydrography,  continued — 

HiggiDSville  sheet,  Lifayette  county.     A.  Wioslow.    (Mis- 
souri Geol.  8nr.,ix,  Sheet  Report  No.  J,  100  pp.,  1892.> 

Iron  Mountain  sheet.    A.  Wioslov^.    (Missouri  Oeol.  Sur.,. 
IX,  Sheet  Report  No.  3,  97  pp.,  1894 ) 
Hydrozoids. 

Paleontology  of  Missouri.    0.  R.  Keyes.    (  Missourj  GeoL 
Sur.,  IV,  104124,  1891.) 
Hypsometric  map  of  Missouri.   0.  R.  Keyes.    (  Am.  Geologist,. 

XV,  314317,  1896.) 
Hypsometry  of    Missouri.      C.    R.  Keyes.     (Missouri   GeoL 

Sur.,  vilf,  227-234,  1895  ) 
Identification  of  Catskiil  red  saudatone  group  with  Chemung. 

A.  Wincbell.    (  Am.  Jour.  Scl ,  ( 3 ),  xxxv,  61-62,  1888.) 
Igneous  rocks  of  Arkansas.    J.  Francis  Williams.    ( Geol  Sur.. 

Arkansas,  Ann.  Rep.  1890,  ii,  456  pp.,  1891.) 
Illustration  of  flexibility  of  limestone.     A.  Winslow.    (  Am.. 

Jour.  Sci.,  (3),  XLlii,  133  134,  1892.) 
Industrial  report  on  lead,  zinc  and  iron,  together  with  notes. 

on  Shannon  county  and  its  copper  deposits.    C.  P.  Wil- 
liams.   ( Geol.  Sur.  Missouri,  177,  1877.) 
Insects. 

Older  fossil  insects  west  of  the  Mississippi.    S.  H.  Scud- 

der.    (  Proc.  Boston,  Soc.  Nat.  Hist.,  xxii,  58-61,  1883.> 

Invertebrate  fossils  of  Waverly  group  and  coal  measures  of 

Ohio.    F.  B.  Meek.    ( Ohio  Geol.  Sur.,  ii,  pt.  ii,  400  pp.^ 

1875) 
Invertebrates,     description     of    fossil.        A.    H.    Worthen. 

( Illinois  Geol.  Sur.,  viir,  69- 154,  1890.)    Species  from  Mis- 
souri are  described  and  figured. 
Invertebrates  from  carboniferous  syetem.     P.  B.  Meek  and 

A.  H.  Worthen.    (Illinois  Geol.  Sur.,  v,  321619,  1873.) 
Invertebrates  from  carboniferous  system,  descriptions.     F.  B*. 

Meek  and  A.  H.  Worthen.    ( Illinois  Geol.  Sur.,  ii,  143  423^ 

1866.) 
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Invertebrates  from  paleozoic  rocks  of  Illinois  and  adjacent 
states,  description  of  some  new  species.  S.  A.  Miller  and 
W.  F.  E.  Garley.  ( Illinois  State  Mas.  Nat.  Hist.,  Ball.  3, 
81  pp.,  1890 

Iron. 

Analysis  of  ma^i^netite  from  Iron  mountain  and  Pilot  knob, 

Missonri.      E.  Harrison.     ( Proc.  Boston    Soo.    Nat. 

Hist.,  VI,  295,  1857.) 
Oontributions  to  a  knowledge  of  iron  ores  of  Missouri. 

0.  P.  Williams.    (  Missouri  State  Univ.,  Ann.  Bep.  for 

1872,  133. 147,  1873.) 
Die  Lehre   von   den   Lagerstaetten   der  Erze.     A.    Von 

Groddeck.    ( One  volame,  138  pp.,  Leipzig,  1879.) 
Excursion  through  slave  states,  from  Washington  on  the 

Potomac  to  the  fronlier  of  Mexico.    G.  W.  Feather- 

stonhangh.    (Ooe  volume,  168  pp..  New  York,  1844.) 
Genesis  of  iron  ores  by  isomorphous  and  pseudomorphons 

replacement  of  limestone.    J.  P.  Kimball.    ( American 

Geologist,  viii,  352376,  1891.) 
Genesis   of  ores  of  iron.     J.  S.  Newberry.    ( Oolambia 

School  of  Mines  Quart.,  i,  87-104,  1880.) 
Genesis  of  our  iron  orep.    J.  S.  Newberry.    (Eog.  and 

Min.  Jour.,  xxxi,  286-287,  and  298-300, 1881.) 
Geological  report  on  Mine  la  Motte  estate,  the  property  of 

Rowland  Hazard,  situated  in  St.  Francois  and  Madison 

counties,  Missouri.    J.  E.  Mills.    (Oae  volume,  51  pp., 

New  York,  1877.) 
Geology  of  lake  Superior  land  district.    J.  W.  Foster  and 

J.  D.  Whitney.    (Thirty  first  Oongress,  Special  Sess., 

Ex.  Doc.  No.  4,  61  63,  1851.) 
Geology  of  northwestern   Missouri.     G.   G.   Broadhead. 

(Missouri  Geol.  Sur.,  1  402,  1873.) 
Grand   Tower  iron   works,   Perry   county,  Missouri.     H. 

King.     ( Pamphlet,  20  pp.,  1853.) 
Industrial  report  on  lead,  zinc  and  iron.     0.  P.  Williams. 

(Geol.  Sur.  Missouri,  177  pp.,  1877.) 
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iron,  continued — 

Iron  depositB  of  ArkaDsas.    R.  A.  F.  Penrose,  Jr.    (Oeol. 

8ar.   Arkansas,   Ann.   Bep.   1892,  i,    138  pp.,  1892.) 

Incidental  references  to  Missouri. 
Iron  ores  of  Missonri.    A.  Schmidt.    (  Missouri  6eol.  Snr., 

50214, 1873.) 
Iron  ores  of  Missouri.     F.   L.  Nason.    ( Missouri  OeoL 

Sur.,  II,  366  pp.,  1892.) 
Iron  ores  of  Missouri  and  Michigan.    B.  Pumpelly.    ( One 

volume,  320  pp.,  New  York,  1876.) 
Iron  Mountain  sheet.    A.  Winslow.    ( Missouri  Oeol.  Sur., 

IX,  Sheet  Report  No.  3,  97  pp.,  1894.) 
Iron  ores  of  southeastern  Missouri.    P.  N.  Moore.    ( Oeol. 

Sur.  Missonri,  Rep.  1873-74,  1,638-671,  1874.) 
Lincoln  county.     W.  B.  Potter.    (  Missouri  Oeol.  Sur.,  215- 

289,  1873.) 
Metallic  wealth  of  United  States.    J.  D.  Whitney.    (  One 

volume,  481  pp.,  Philadelphia,  1854.) 
Metallurgical    properties    of    Missouri    iron    ores.       A. 

Schmidt.    (  Oeol.  Sur.  Missouri,  Rep.  1873-74,  i,  587- 

600,  1874.) 
Missouri  iron  ores  of  carboniferous  age.   0. 0.  Broadhead. 

( Kansas  Oity  Rev.  Sci.  and  Ind.,  i,  650, 1877.) 
Notes  on  geology  of    Pilot  knob  and  its  vicinity.      B. 

Pumpelly.    (  Missouri  Oeol.  Sur.,  3-28,  1873 ) 
Notes   on   mineralogy  of    Missouri.      A.    Y.   Leonhard. 

(Trans.  Acad.  Sci.,  St.  Louis,  iv,  440-453, 1884.) 
Notes  on  samples  of  iron  ore  collected  in  Missouri.     W. 

M.  Ohauvenet.    ( U.   S.  Tenth   Census,   xy,  403-420, 

1885.) 
Ores  of  iron ;  their  geographic  distribution  and  relation  to 

the  great  centres  of  the  world's  iron  industries.    H. 

Newton.    (Trans.  Am.  Inst.  Min.  Bug.,  in,  360-392, 

1875.) 
Origin  of  crystalline  iron  ores.    A.  A.  Julien.    ( Eng.  and 

Min.  Jour.,  xxxv,  207-208,  1883.) 
o— 22 
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Iron,  continued — 

PraoticAl  roles  for  jadp^D^i;  of,  and  for  developin^^  the 
deposits  of  iron  ore  ia  Missoari.  A.  Sohroidt.  (  Geol. 
8ar.  Missoari,  Rep.  1873-74,  i,  578-586,  1874  ) 

Preliminary  descriptive  catalogue  of  syslematic  collection 
in  economic  geology  and  metals  in  U.  S.  national 
mndenm.  F.  P.  Dewey.  ( U.  S.  Nat.  Maseano,  Ball. 
42,  177  pp.,  1891.) 

Preliminary  report  on  principal  mines.  A.  Litton.  ( Itfia- 
sonri  Geol.  Snr.,  1st  and  2 id  Ann.  Bepts.,  pt.  ii,  1-94, 
1855) 

Report  on  mining  industries  of  United  States,  geographi- 
cal and  geological  distribution  of  iron  ores  of  United 
States.     R.  Pnmpelly.    (  U.  S.  Tenth  Census,  xv,  3  36, 
1885.) 
Iron  County. 

Age  and  origin  of  crystalline  rocks  of  Missouri.  E. 
Haworth.  (Missouri  Geol.  Snr.,  Bull.  5,  pp.  11-42, 
1891.) 

Age  of  our  porphyries.  G.  C.  Broadhead.  (Trans.  Acad. 
Sci.  St.  Louis,  III,  366-371, 1876.) 

Age  of  porphyry  hills  of  southeast  Missouri.  E.  Har- 
rison.   (Trans.  St.  Louis  Acad.  Sci.,  ii,  504, 1866.) 

Analysis  of  magnetite  from  Iron  mountain  and  Pilot  knob, 
Missouri.  E.  Harrison.  ( Proc.  Boston  8oc.  Nat. 
Hist.,  VI,  295,  1857.) 

ArcbsBin  rocks  of  Missouri.  G.  C.  Broadhead.  (Kansas 
City  Rev.  Sci.  and  Ind.,  v,  733,  1882.) 

Azoic  system  and  its  proposed  subdivisions.  J.  D.  Whit- 
ney and  M.  E.  Wadsworth.  (  Ball.  Mus.  Comp.  Zool., 
VIT,  482,  1884.) 

Building  stones  and  clays  of  Iron,  St.  Francois  and  Madi- 
son counties.  G.  E.  Ladd.  (  Missouri  Geol.  Sur.,  Bull. 
No.  1,  2M4,  1890.) 

Collection  of  building  and  ornamfn^al  stone  in  U.  S. 
national  museum.  G.  P.  Merrill.  (  Smithsonian  Inst., 
Ann.  Rep.  1886,  278-618,  1889.) 
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Iron  County,  continued — 

Oontribation  to  archiean  geology  of  Missoari.   E.  Haworth. 

(Amerioan  Geologist,  i,  280-297  and  363-382,  1888.) 
OontributioD  to  arohsein  geology  of  Missoari.   £.  Haworth. 

(Johns  Hopkins  UTni^.  Oircalars,  yiii,  71-72, 1888.) 
OorrelatioD  papers,  arobsean  and  algonkian.    0.  R.  Van 

Hise.    (U.  S.  Oeol.  Bar ,  BnlU  86,  261-265,  1892.) 
Crystalline  rocks  of  Missonri.    E.  Haworth.    ( Proc.  Iowa 

Acad.  Sci.,  i,  pt  i,  66  68, 1890.) 
Crystalline  rocks  of  Missoari.    E.  Haworth.    (Missoari 

Geol.  Bar.,  viii,  81224, 1895.) 
Decay  of  rocks  geologically  considered.    T.  B.  Hant.  (Am. 

Jonr.  Bci.,  (2),  xxxi,  190  213, 1883.) 
Dictionary  of  altitudes.    C.  F.  Marbnt.    ( Missoari  Geol. 

Bur,  VIII,  225-316,  1895.) 
Die  Lehre  von  den  Lagerstaetten  der  Erze.    A.  Yon  Grod- 

deck.    (Oae  volume,  351  pp.,  Leipzig,  1879.) 
Fauna  of  lower  cambrian  or  Olenellus  zone.    0.  D.  Wal- 

cott.    ( U.  B.  Geol.  Bur.,  10th  Ann.  Bep.,  509-658, 1890.) 
Hummocks  and  bowlders  of  decomposition  in  southeast- 
ern Missouri.    J.  W.  Spencer.    ( American  l^aturalist, 

xxr,  366-36S,  1887.) 
General  geology  of  Missouri  crystalline  area.    0.  B.  Keyes. 

( Missouri  Geol.  Bur.,  viii,  84-lOi,  1895.) 
Genesis  of  iron  ores  by  isomorphous  and  pseudomorphous 

replacement  of  limestone.    J.  P.  Kimball.    ( American 

Geologist,  VIII,  352-376,  1891.) 
Genesis  of  ores  of  iron.     J.  B.  Newberry.     (Columbia 

Bchool  of  Mines  Quart.,  i,  87-104, 1880.) 
Genesis  of  our  iron  ores.    J.  B.  Newberry.    (Eng.  and 

Min.  Jour.,  xxx[,  286-287  and  298-300,  1881.) 
Iron  Mountain  sheet.    A.  Winslow.    (Missouri  Geol.  Bur., 

IX,  Bheet  Beport  No.  3,  97  pp.,  1894 ) 
Iron  ores.    F.  L.  Nason.    (  Missouri  Geol.  Bur.,  ii,  221-225, 

1892.) 
Iron  ores  of  Missouri.   A.  Schmidt.    ( Missouri  Geol.  Bur., 

50-214,  1873.) 
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Iron  County,  continued — 

Iron  ores  of  MiBSoari  and  Michigan.    B.  Pampelly.     ( One 

volume,  320  pp.,  New  York,  1876.) 
Lead  and  zino  deposits.    A.  Winslow.    (Miasonri  Geol. 

Sar.,  Yii,  401  pp.,  1805.) 
Manganese ;  its  uses,  ores  and  deposits.    B.  A.  F.  PeDrose^ 

Jr.    ( Arkansas  Oeol.  Sar.,  Ann.  Bept.  1890,  i,  642  pp.^ 

1891.) 
Metallargical    properties    of    Missouri    iron    ores.       A. 

Schmidt.    ( Geol.  Snr.  Missonri,  Bep.  1873-74,  i,  587- 

600,  1874.) 
Mineral  region  of  state  of  Missouri.    J.  N.  Nicollet.    ( Am. 

Jour.  Sci.,  ( 1 ),  XLY,  340-341,  1843.) 
Missouri  building  and  ornamental  stones.    0.  B.  Keyes. 

( Stone,  XII,  432-439,  546-557,  and  xin,  30-32,  1896.) 
Notes  on  geology  of  Pilot  knob  and  its  vicinity.    B.  Pam- 
pelly.   (  Missouri  Geol.  Sur.,  3-28, 1873.) 
Notes  on  samples  of  iron  ore  collected  in  Missouri.     W. 

M.  Ohauvenet.    ( Tenth  Census  of  United  States,  xy 

403-420,  1886.) 
Occurrence  of  iron  ores  in  Missouri.    J.  B.  Gage.    ( Trans. 

Acad.  Sci.  St.  Louis,  iii,  181-193,  1870.) 
Origin  of  crystalline  iron  ores.    A.  A.  Julien.    (Eog.  and 

Min.  Jour.,  xxxv,  207-208,  1883.) 
Preliminary  report  on  principal  mines.    A.  Litton.    (  Mis- 
souri Geol.  Sur.,  1st  and  2nd  Ann.  Bepts.,  pt.  ii,  1-94, 

1855.) 
Prominent  sources  of  iron  ore  supply.    J.  Burkinbine. 

(Trans.  Am.  Inst.  Min.  Eng.,  XYI,  715-729,  1889.) 
Belation  of  secular  rock-disintegration  to  certain  transi- 
tional crystalline  schists.    B.  Pampelly.    (Bull.  Oeol. 

Soc.  America,  ii,  209-224,  1891.) 
Remarks  on  Pilot  knob,  Iron  mountain  and  Mine  la  Motte 

districts.    P.  Frazer,  Jr.   ( Proc.  Acad.  Nat.  Sci.,  Phila., 

85.86,  1874.) 
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Beport  on  geology  of  mineral  district  oontignons  to  Iron 
Mountain  railroad.  J.  V.  Phillips.  ( Pamphlet,  14  pp., 
1859.) 

Bocks  of  Missoari  as  admit  of  a  fine  polish.  O.  G.  Broad- 
head.    (  Missoari  Oeol.  Sar.,  413-415, 1873.) 

Secalar  decay  of  granitic  rocks.  0.  B.  Keyes.  (  Proc. 
Iowa  Acad.  Sci.,  ii,  27-31, 1895.) 

Strength  of  building  materials.    0.  A.  Smith.    (  Missouri 
Oeol.  Sar.,  403-413,  1873.) 
Iron  deposits  of  Arkansas.    B.  A.  F.  Penrose,  Jr.    ( Oeol.  Sur. 

Arkansas,  Ann.  Bep.  1892,  i,  138  pp.,  1892.)     Incidental 

references  to  Missoari. 
Iron  Mountain  sheet,  inclading  portions  of  Iron,  St.  Francois 

and  Madison  coanties.    A.  Winslo w.    ( Missoari  Oeol.  Sur., 

IX,  Sheet  Beport  No.  3,  97  pp.,  1894.) 
Iron  ore  collected  in  Missoari,  samples.    W.  M.  Ohauvenet. 

( U.  S.  Tenth  Census,  xy,  403-420,  1885.) 
Iron  ore  in  Missoari,  practical  rules  for  judging  of  and  for 

developing  the  deposits  in  Missouri.    A.  Schmidt.    ( Oeol. 

Sur.  Missouri,  Bep.  1873-74,  i,  578-586,  1874.) 
Iron  ores,  analyses  of  fuels.    B.  Chauvenet  and  A.  A.  Blair. 

(Missouri  Oeol.  Sur,  31-49,  1873.) 
Iron  ores  and  coal  fields,  preliminary  report,  from  field  work 

of  1872.     B.  Pumpelly.    ( Missouri  Oeol.  Sur.,  670  pp., 

1873.) 
Iron  ores,  genesis.    J.  S.  Newberry.    (Bug.  and  Min.  Jour., 

xxxf,  286  287  and  298  300,  1881.) 
Iron  ores  in  Missouri,  occurrence.    J.  B.  Oage.    ( Trans.  Acad. 

Sci.  St.  Louis,  III,  181-193,  1870.) 
Iron  ores,  metallurgical  properties  of  Missouri.    A.  Schmidt. 

(Oeol.  Sur.  Missouri,  Bep.  1873-74,  i,  587-600,  1874.) 
Iron  ores  of  carboniferous  age,  Missouri.    O.  C.  Broadhead. 

( Kansas  City  Bev.  Sci.  and  Ind.,  i,  650, 1877.) 
Iron  ores  of  Missouri.    A.  Schmidt.    ( Missouri  Oeol.  Sur., 

50  214,  1873.) 
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Iron  ores  of  Missoari.    F.  L.  Nason.    (  Missouri  Oeol.  Sar.,  ii^ 

366  pp.,  1892.) 
Iron  ores  of  Missouri  and  Michigan.    R.  Pompelly.     (One 

volume,  320  pp.,  New  York,  1876.) 
Iron  ores  of  southeastern  Missouri.    P.  N.  Moore.    ( Oeol.  Sar. 

Missouri,  Bep.  1873-74,  i,  638-671, 1874.) 
Iron  ores  of  United   States.    T.  S.  Hunt.     (Eng.  and    Mia. 

Jour.,  L,  601*602  and  622-624,  1890.) 
Iron  ores,  origin.    A.  A.  Julien.    (  Eng.  and  Min.  Jour.,  xxxv, 

207-208,  1883.) 
Jackson  County. 

American  paleozoic  brjozoa.  E.  O.  Ulrich.  ( Jour.  Cin- 
cinnati Soc.  Nat.  Hist.,  Vll,  24-45,  1884.) 

Clays  and  building  stones  of  certain  western  central  coun- 
ties tributary  to  Kansas  City.  O.  E.  Ladd.  { Mis- 
souri 6eol.  Sur.,  Bull.  5,  pp.  43-86,  1891) 

Coal  beds.  A.  Winslow.  ( Missouri  Geoi.  Sur.,  i,  116-117^ 
1891.) 

Descriptions  of  new  fossils  from  carboniferous  and 
devonian  of  Missouri.  O.  C.  Swallow.  (Trans.  St. 
Louis  Acad.  Sci.,  i,  635-651,  1860.) 

Descriptions  of  new  genera  and  species  of  echinodermata 
from  coal  measures  and  sub-carboniferous  rocks  of 
Indiana,  Missouri  and  Iowa.  S.  A.  Miller  and  W.  F. 
E.  Ourley.  (Jour.  Cincinnati  Soc.  Nat.  Hist.,  xiii, 
325,  1890.) 

Descriptions  of  new  genera  and  species  of  echinodermata 
from  coal  measures  and  sub-carboniferous  rocks  of 
Indiana,  Missouri  and  Iowa.  S.  A.  Miller  and  W.  F. 
E.  Ourley.    (Pamphlet.  59  pp.,  Cincinnati,  1890.) 

Descriptions  of  some  sub- carboniferous  and  carboniferous 
cephalopods.  S.  A.  Miller  and  C.  Faber.  (Jour.  Cin- 
cinnati Soc.  Nat.  Hist.,  xiv,  164-169,  1892.) 

Dictionary  of  altitudes.  C.  F.  Marbut.  (Missouri  Geol. 
Sur.,  VIII,  225-316,  1895.) 

Fall  of  meteorite  in  Kansas  City,  Missouri.  J.  D.  Parker. 
(Am.  Jour.  Sci.,  (3),  xii,  316,  1876.) 
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Formation  of  quaternary  deposits.    J.  E.  Todd.    ( Mis- 
souri Geol.  Bar.,  x,  148,  1896.) 
Oenera  and  species  of  North  Ameiican  carboniferous  trilo- 

bites.    A.  W.  Vogde s.    (Annals  N.  Y.  Acad.  Sci.,  iv, 

69  105, 1888.; 
Geology  of  northwestern  Missouri.    G.   C.   Broadhead. 

( Missouri  Geol.  Sur.,  ii,  1-402, 1873.) 
Jackson  county,  Missouri,  notes  on  its  geology.    G.  G. 

Broadhead.    (Kansas  City  Rev.  Sci.  and  Ind.,  ii,  204- 

210,  1878.) 
List  of  fossils  in  Kansas  Oity  and  vicinity.    W.  H.  R.  Ly- 

kins.    (Kansas  City  Rev.  Sci.  and  Ind.,  Yiii,  72-77, 

1884.) 
Loess  and  clays.    R.  B.  Riggs.    ( U.  S.  Geol.  Sur.,  Bull.  42, 

142,  1887.)    Analysis  of  clays. 
Mabtodon  remains  found  in  Jackson  county,  Mo.    F.  A. 

Ballard.    (Kansas  City  Rev.  Sci.  and  Industry,  iii, 

643-644, 1880.) 
Mineral  waters.    P.  Schweitzer.    ( Missouri  Geol.  Sur,  iii, 

283  pp.,  1893.) 
New  and  interesting  species  of  paleozoic  fossils.    S.   :i 

Miller  and  W.  F.  E.  Gurley.    ( Illinois  State  Mus.  Nat 

Hist.,  Bull.  7,  90  pp.,  1895.) 
Older  fossil  insects  west  of  the  Mississippi.    S.  H.  Scud 

der.    (  Proc.  Boston  Soc.  Nat.  Hist.,  xxii,  58-61, 1883. 
Paleontology  of  Missouri.    C.  R.  Keyes.    (Missouri  Geol 

Sur.,  IV,  314  pp.,  1894.) 
Paleontology  of  Missouri.    0.  R.  Keyes.    ( Missouri  Geol 

Sur.,  V,  320  pp.,  1894.) 
Review  of  contributions  to  paleontology.    G.  C.  Broad 

head.    (Kansas  City  Rev.  Sci.  and  Ind.,  ly,  448-449 

1880.) 
Stratigraphy  and  correlations  of  carboniferous  formation 

E.  Hawortb.    (University  Geol.  Sur.  Kansas,  i,  145 

193,  1896) 
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Jackson  County,  continued— 

Two  remarkable  cephalopoda  from  npper  paleozoic.     C. 
R.  Keyes     (Proc.  Iowa  Acad.  Sci.,  m,  76-78,  1896.) 
Jackson  coQDiy,  Missoari,  notes  on  its  geology.    G.  O.  Broad- 
head.    (Kansas  Oity  Rev.  Sci.  and  lad.,  if,  204-^10,  1878.) 
Jackson  purchase  region,  report  on  geological  and  eoonomic 
features.    R.  H.  Looghridge.    ( Oeol.  Bnr.  Kentncky,  357 
pp.,  1888)    Oomparisons  made  with  Misaoari  formatione. 
Jackson,  R.  T.    Studies  of  palaeechinoidea.    ( Bull.  Oeol.  Soc. 
America,  vol.  vir,  pp.  171-254,  Rochester,  1896.)     Several 
species  are  desciibed  from  Missouri  and  references  are 
made  1o  others. 
Jackson,  R.  T.,  and  T.  A.  Jaggar,  Jr.    Studies  of  MeloDitea 
multiporus.    (Bull.  Geol.  Soc.  America,  vol.  vii,  pp.  135- 
170,  Rochester,  1896.)    The  specimens  are  from  St.  Ltoaie. 
Jaggar,  T.  A.,  Jr.,  R.  T.  Jackson  and.     Studies  of  Melonitea 
multiporus.    (Bull.  Geol.  Soc.  America,  vol.  vir,  pp.  135- 
170,  Rochester,  1896)    The  specimens  are  from  St.  Ltoaie. 
James,  Edward.    Geological  sketches  of  the  Mississippi  val- 
ley.   (Jour.  Acad.  Nat.  Sci.,  Phila.,  vol.  ii,  pp.  326-329, 
Philadelphia,  1822.)    Secondary  deposits  mentioned  abont 
sides  and  summit  of  the  Ozark  mountaius. 
Jasper  County. 

Ohert  rocks  of  sub-carboniferous  Kansas.    E.  Haworth. 

(  Kansas  City  Rev.  Sci.  and  Ind.,  v,  669  676, 1882.) 
Oherts  of  Missouri.    E.  O.  Hovey.    (  Missouri  Geol.  Sar., 

Vli,  727-739,  1894.) 
Goal   beds.     A.  Winslow.     ( Missouri  Geol.   Sur.,  i,    161, 

1891.) 
Composition  of  cleansed  ores  of  southwest  Missouri.     H. 
G.  Spencer.    (  Bull.  Missouri  Min.  Club,  i,No.  2,  50-5 1^ 
1895.) 
Description  of  geological  section  on  Mississippi  river.     B. 
F.  Shumard.    (  Missouri  Geol.  Sur.,  1st  and  2nd  Ann. 
Repts.,  pt.  ii,  137. J 84,  1865.) 
Dictionary  of  altitudes.    C.  F.  Marbnt.    (Missouri  Geol. 
Sur.,  vill,  226316,  1895 ) 
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Jasper  County,  continued — 

Flora  of  oatlying  carboniferons  ooal  basins  of  southwest 

Missouri.    D,  White.    (U.  S.  Geo!.  Sar.,  Ball.  98,  139 

pp.,  1893.) 
Geological   description.     G.    G.    Broadhead.     (Missoaji 

Geol.  Bur.,  i,  77-96,  1874.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri  Geol. 

Sar.,  YiT,  401  pp.,  1895.) 
Lead  and  zinc  of  southwest  Missoari.    [F.  L.  Glerc.J   ( Eng. 

and  Min.  Jour.,  XLili,  397-398,  1887.) 
Lead  and  zinc  regions  of  southwest  Missouri.    A.  Schmidt 

and  A.  Leonhard.    (Geol.  Sur.  Missouri,  Rep.  1873-74, 

1,381-502,1874) 
Mines  of  Carterirille.     G.  C.  Broadhead.    (Kansas  Oity 

Rev.  Sci.  and  Ind.,  yiii,  70-72, 1884.) 
Miscellaneous  analyses.    F.  W.  Olarke.    ( U.  S.  Geol.  Sur., 

Ball.  90,  63-64,  1892.) 
New  species  of  echinodermata  and  a  new  crustacean  from 

paleozoic  rocks.     S.  A.  Miller  and  W.  F.  E.  Gurley. 

( Illinois  State  Mns.  Nat.  Hist.,  Bull.  10,  91  pp.,  1896.) 
Notes  on  ferro-goslarit^,  a  new  variety  of  zinc  sulphate. 

H.  A.  Wheeler.    (  Am.  Jour.  Sci.,  ( 3 ),  XLi,  212,  1891.) 
Paleontology  of  Misaouri.    0.  R.  Keyes.    (  Missouri  Geol. 

Sur.,  ly,  314  pp.,  1894.) 
Paleontology  of  Missouri.    0.  R.  Eeyes.    ( Missouri  Geol. 

Sar,  y, 320 pp.,  1894.) 
Report  of  Dr.  W.  P.  Jenney.    W.  P.  Jenney.    (  U.  S.  Geol. 

Sur.,  11th  Ann.  Rept.,  80-81,  1891.) 
Studies  of  palseechinoidea.    R.  T.  Jackson.    (Bull.  Geol. 

Soc.  America,  yn,  171-254, 1896.) 
Saperior  Mississippian  in  western  Missoari  and  Arkansas. 

O.  R.  Eeyes.    ( American  Geologist,  xyi,  86  91,  1895.) 
Zinciferous  clays  of  southwest  Missoari,  and  a  theory  as 

to  the  growth  of  the  calamine  of  that  section.    W.  H. 

Seamon.    (  Am.  Jour.  Sci.,  ( 3),  xxxix,  38-42,  1890 ) 
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Jefferson  County. 

Oalamine  in  MisBOurL    G.  TroosU    ( Am.  Joar.  Sci.,  ( 1 )» 

XII,  376379,  1827.) 
Dictionary  of  altitades.    0.  F.  Marbnt.    ( Miaaoari  Oeol. 

Sar.,  Till,  225  316,  1895.) 
Oeologioal  description.    B.  F.  Shamard.    ( Oeol.  Bar.  Mis- 

fiouri,  1855  71,  204-313,  1873) 
Lead  and  zinc  deposits.    A.  Winslow.    (Missouri    Geol. 

SQr.,yii,  401  pp.,  1895.) 
Lead  mines  of  soatheast  Missouri.    J.  B.  Gage.    ( Geol.  Sar. 

Missouri,  Bep.  1873-74,  i,  601687,  1874.) 
Mineral  waters.    P.  Schweitzer.    ( Missouri  Geol.  Sur.,  in, 

283  pp.,  1892) 
Origin  of  ravines  in  the  prairies.    A.  Sawyer.    ( Trans.  St. 

Louis  Acad.  Sci.,  in,  cxlix,  1874.) 
Paleontology  of  Missouri.    O.R.Keye8.    (Missouri  Geol. 

Sor.,  IV,  311  pp.,  1894.) 
Paleontology  of  Missouri.    0.  R.  Keyes.    (Missouri  Geol. 

Snr.,  V,  320  pp.,  1894.) 
Preliminary  report  on  principal  mines.    A.  Litton.    (  Mis- 
souri Geol.  Sar.,  1st.  and  2ad.  Ann.  Repts.,  pt.  ii,  1-94, 

1865.) 
Remains  of  mastodon  in  Missouri.    A.  Koch.    (  Am.  Jour. 

Sci.,  ( 1 ),  XXXVII,  191192,  1839.) 
Jenney,  W.  P.    Lead  and  zinc  deposits  of  Mississippi  valley. 
(Trans.  Am.  Inst.  Mining  EQg.,vol.  xxii, pp.  171-225,  New 
York,   1894.)      Ozark  and  Ouachita  uplifts  regarded  as 
separate  stractares.    Magnesian  limestones  considered  as 
Cambrian;  and  the  Oarboniferoas  limestones  of  southwest 
Missouri  are  called  Cherokee. 
Jenney,  W.  P.    Report  of  Dr.  W.  P.  Jenney.    (  U.  S.  Geol. 
Sur.,  nth  Ann.  Rept,  pp.  80-81,  Washington,  1891.)     A 
preliminary  report  of  the  work  on  the  lead  and  zinc  fields 
of  Missouri. 
Johnson  County. 

Analyses  of  coal.    R.  Chauvenet  and  A.  A.  Blair.    (Mis- 
souri Geol.  Sur.,  31-49,  1873.) 
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Olaye  and  bnilding  stonefi  of  certain  western  central  conn- 
ties  tributary  to  Kansas  City.    O.  E.  Ladd.    ( Missonri 

Geol.  Sur ,  Bnll.  5,  pp.  43-86,  1891.) 
Coal  beds.    A.  Winslow.    ( Missonri  Geol.  Snr.,  i,  128132, 

1891.) 
Collection   of  building  and  ornamental  stone  in    U.  S. 

national  musenm.    G.  P«  Merrill.    (  Smithsonian  Inst., 

Ann.  Rep.  1886,  278  648,  1889.) 
Descriptions    of    new    fossils    from    carboniferous    and 

devonian  of  Missouri.    G.  C.  Swallow.    (Trans.  St. 

Louis  Acad.  Sci ,  r,  635-651,  1860.) 
Descriptions  of  new  species  of  invertebrates  from  paleozoic 

rocks  of  Illinois  and  adjacent  states.    S.  A.  Miller  and 

W.  F.  E.  Gurley.    (Illinois  State   Mus.   Nat.   Hist., 

Bull.  3,  81  pp.,  1894.) 
Dictionary  of  altitudes.    C.  F.  Marbut.    ( Missouri  Geol. 

Sur.,  vilT,  225316,  1895.) 
Mineral  waters.    P.  Schweitzer.    ( Missouri  Geol.  Sur.,  iii, 

283  pp.,  1892.) 
Mineral  waters  of  Henry,  St.  Clair,  Johnson  and  Newton 

counties.     A.  E.  Woodward.    ( Missouri  Geol.  Eur., 

Bull.  No.  3,  85101,  1890) 
Paleontology  of  Missouri.    C.  R.  Keyes.    ( Missouri  Geol. 

Sur.,  IV,  314  pp.,  1894 ) 
Paleontology  of  Missouri.    C.  B.  Keyes.    (Missouri  Geol. 

Sur.,  V,  320  pp.,  1894.) 
Prehistoric    evidences  in    Missouri.    G.    C.    Broadhead. 

(Smithsonian  Inst.,  Ann.  Kept.  1879,  350-359, 1880} 
Johnson,  W.  R.  Report  to  navy  department  of  United  States 
on  American  coals  applicable  to  steam  navigfation  and 
other  purposes.  (Twenty  eighth  Congress,  Ist.  Se88.,Sen. 
Doc,  436,  p.  539,  Washington,  1844 )  Contains  an  analysis 
of  coal  from  Osage  river. 
Jones,  John  A.  Statistics  in  regard  to  Missonri  coal  product. 
(Bep.  Mining  Industry  in  U.  S.  at  11th.  Census,  1890,  pp. 
386-389,  Washington,  1892.) 
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Journal  of  travels  into  Arkansas  territory  dariDg  the  year 
1819.  T.  Nattal.  (Ooe  volame,  296  pp.,  Philadelphia, 
1821.) 

Jullen,  A.  A,  Origin  of  crystalline  iron  ores.  (Bag.  and  Min. 
Joar.,  vol.  XXXV,  pp.  207-208,  New  York,  1883.)  The 
hematites  of  Lake  Saperior  and  Missouri  are  described. 

Kansas  City,  notes  on  clays  and  boilding  stones  of  certain 
western  central  coanties  O.  E.  Ladd.  (Missoori  Oeol. 
Bar.,  Boll.  5,  pp.  43-86,  1891.) 

Kemp,  J.  F.  Notes  on  ore  deposits,  and  ore-dressing  in  sonth- 
eastern  Missoari.  (  Oolambia  School  of  Mines  Qaart,  vol. 
IX,  pp.  74-82,  New  York,  1887.) 

Keokuk  groap.  Descriptions  of  five  new  species.  8.  A.  Mil- 
ler.   (Joar.  Cincinnati  Soc.  Nat.  Hist.,  ii,  254-260,  1880.) 

Keokuk  groap  of  Mississippi  valley.  G. 8.  Beachler.  (Ameri- 
can Geologist,  X,  88-96,  1892.) 

Keyes,  Charles  R.  Areal  geology  and  its  relations  to  general 
geological  work.  (Missoari  Geol.  Sar.,  vol.  ix,  pp.  11-16, 
Jefiferson  City,  1896) 

Keyes,  Charles  R.  Annual  report  of  state  geologist  for  1894. 
(Missoari  Geol.  Sar.,  vol.  viii,  406  pp.,  30  plates,  1  map, 
Jefferson  City.  1895.)  The  general  plan  of  work,  progress 
made  and  investigations  to  be  carried  on  are  discassed. 
As  accompanying  papers :  Crystallioe  rocks,  by  E. 
Hawortb;  Dictionary  of  altitades,  by  C.  F.  Marbnt; 
CbaracteristicB  of  Ozark  mountains,  by  C.  B.  Keyes ;  and 
Coal  measures,  by  G.  C.  Broadhead. 

Keyes,  Charles  R.  Bethany  limestone  of  western  interior 
coal  field,  (Am.  Jour.  Sci.,  (4),  vol.  ii,  pp.  221-225,  New 
Haven,  1896.)  The  nomenclature  of  the  basal  member  of 
the  MisBourian  series  or  upper  coal  measures,  is  con- 
sidered. 

Keyes,  Charles  R.  Bibliography  of  American  paleontology 
for  years  1888  1892.  (U.  8.  Geol.  Sur.,  Bull.  121,  251  pp., 
Washington,  1893.)  A  list  of  papers  pablished  on  Mis- 
soari during  the  lustram  is  given. 
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Keyes,  Charles  R.  BieoDial  report  of  state  geologist.  (Thirty- 
eighth  General  Assembly  of  Missoari,  Hoase  Joaroal,  App,^ 
60  pp.,  Jefferson  City,  1893 )  Progress  of  the  work  of  the 
geological  sarvey  fally  described. 

Keyes,  Charles  R.  Oarboniferoas  echinodermata  of  Missis- 
sippi basin.  (  Am.  Joar.  ScL,  (  3 ),  vol.  xxxyiii,  pp.  186- 
193,  New  Haven,  1889.)  Allasions  are  made  to  Missoari 
faanas. 

Keyes,  Charles  R.  Characteristics  of  Ozark  mountains. 
( Missonri  6eo1.  Bar.,  vol.  viir,  pp.  317-352,  Jefferson  City^ 
1895)  A  general  accoant  of  the  origin  and  stractare  of 
the  aplift. 

Keyes,  Charles  R.  Classification  of  lower  carboniferoas 
rocks  of  Mississippi  valley.  ( Pamphlet,  24  pp.,  1  plate, 
Washington,  1892.)  Describes  the  rocks  of  eastern  Mis- 
souri. The  subdivisions  of  the  lower  carboniferous,  which 
are  recognized  are ;  ( 1 )  Kinderhook,  ( 2 )  Osage,  ( 3 )  St. 
Louis,  and  (4)  Kaskaskia. 

Keyes,  Charles  R.  Coal  deposits  of  Iowa.  ( lo^a  Geological 
Survey,  vol.  ii,  536  pp.,  Des  Moines,  1894.)  The  Iowa- 
Missouri  coal  field  is  fully  considered,  its  structure  ex- 
plained, its  subdivisions  outlined,  and  its  characters  de- 
scribed. 

Keyes,  Charles  R.  Crustal  adjustment  in  upper  Mississippi 
valley.  (Bull.  Oeol.  Soc.  America,  vol.  Y,  pp.  231-242, 
Rochester,  1894.) 

Keyes.  Charles  R.  General  geology  of  Missouri  crystalline 
area.  (Missouri  Geol.  Snr.,  vol.  Yii,  pp.  84-104,  11  pis., 
Jefferson  City,  1885.)  An  introductory  chapter  to  Eaworth's 
petrographical  report  ou  the  crystalline  rooks  of  the  state. 

Keyes,  Charles  R.  Geographic  relations  of  granites  and  por- 
phyries in  eastern  part  of  Ozarks.  (Bull.  Geol.  Soc. 
America,  vol.  vii,  pp.  3d3-376,  Rochester,  1895.)  Inci- 
dentally the  age  is  stated  to  be  probably  Algonkian  and 
not  Archaean  as  generally  supposed. 
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Keyes,  Charles  R.  Gaolog'cal  formations  of  Iowa.  (Iowa 
Geological  Sarvey,  vol.  i,  pp.  11-145,9  plates,  Des  Moines, 
1883.)  Natneroas  references  are  made  to  Missonri  foroia- 
tions,  particalarly  the  lower  carboniferons  and  coal  meas- 
ares. 

Keyes, Charles  R.  G3ology  of  Des  Moines  coanty.  (Iowa 
Geological  Snrvey,  vol.  iii,  pp.  409  492,  Des  Moines, 
1894.)  A  number  of  references  are  made  to  Missouri 
geology. 

Keyes,  Charles  R.  Geology  of  Lee  coanty.  ( Iowa  Geologi- 
cal Sarvey,  vol.  in.  pp.  305-407,  Des  Moines,  1894.)  Ref- 
erences are  made  to  the  geology  of  northern  Missonri. 

Keyes,  Charles  R.  Geology  of  Mine  la  Motte  sheet.  (  Mis- 
souri Geol.  Sor.,  vol.  ix,  pt.  iv,  132  pp.,  Jefferson  Oity, 
1896.)  A  fall  description  of  the  geological  features  of  parts 
of  Madison  and  St.  Francois  counties  is  given. 

Keyes,  Charles  R.  Hypsometric  map  of  Missouri.  (American 
Geologist,  vol.  XV,  pp.  314-317,  Minneapolis,  1895.)  An 
account  of  the  data  of  precise  leveling  in  the  state  and  the 
material  for  a  dictionary  of  altitudes. 

Keyes.  Charles  R.  Hypsometry  of  Missouri.  (  Missonri 
Geol.  Sur.,  vol.  viit,  pp.  227  234,  Jefferson  City,  1895.) 
Prefatory  notes  to  the  Dictionary  of  Altitudes,  by  O.  F. 
Marbut. 

Keyes,  Charles  R.     Mineral  resources  of  Missouri.    (  Sonth- 

western  Manufacturer,   vol.   i,   pp.  ,  Kansas   Oity, 

1896.)    A  summary  of  the  production  and  an  outline   of 
the  geology  of  the  state  are  given. 

Keyes,  Charles  R.  Missouri  buildiog  and  ornamental  stones. 
(Stone,  vol.  xii,  pp.  432  439,  646-557  and  vol.  xiii,  pp.  30- 
32,  ^  'plates,  Chicago,  1896.)  A  rather  full  description  is 
given  of  the  granites  of  the  state  and  their  geology. 

Keyes,  Charles  R.  Nature  of  coal  horizons.  (Journal  Geo- 
logy, vol.  I,  pp.  178185,  Chicago,  1894.)  Considers  the 
deposition  of  coal  beds  in  Missouri. 
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Key 68,  Charles  R.  Organizatioii  and  resalts  of  state  sreologi- 
cal  survey.  ( Missoari  Geol.  Sar.»  vol.  viii,  pp.  11-80,  Jef- 
ferson Oity,  1895.)  Gives  a  complete  acooant  of  the  work 
of  the  snrvey  to  date  and  of  its  scope  and  aims,  together 
with  the  progress  made  daring  the  previoas  biennial 
period. 

Keyes,  Charles  R.  Origin  of  anthracite.  (American  Geo- 
logist, vol.  XIII,  pp.  411-415,  Minneapolis,  1894.)  Special 
attention  is  called  to  the  Mendota  coal  of  Pntnam  connty. 

Keyes,  Charles  R.  Present  basal  line  of  delimitation  of  the 
carboniferoas  in  northeastern  MissoarL  ( American  Geo- 
logist, vol.  X,  pp.  380-384,  Minneapolis,  1892.)  The  discas- 
sion  centers  aronnd  the  section  at  Lonisiana. 

Keyes,  Charles  R.  Recent  work  on  carboniferoas  of  Kansas. 
(Joarnal  Geology,  vol.  ly,  pp.  520-524,  Chicago,  1896.) 
Comparisons  are  made  with  the  geological  formations  of 
Missoari. 

Keyes,  Charles  R.  Eelations  of  granite  and  porphyry  areas 
in  soatheastern  Missoari.  ( Joarnal  Geology,  vol.  ly,  pp. 
375-377,  Chicago,  1896.)  Abstract  of  a  more  extended 
paper  of  similar  title. 

Keyes,  Charles  R.  Remarkable  faana  at  base  of  the  Barling- 
ton  limestone  in  northeastern  Missoari.  (Am.  Joar.  Sci., 
(3),  XLiy,  pp.  447-452,  New  Haven,  1892.)  A  Kinderhook 
faana  is  described  as  intercalcated  in  the  middle  of  the 
Barlington  limestone  at  Lonisiana. 

Keyes.  Charles  R.  Revised  altitndes  in  Missoari.  ( Eng.  and 
Min.  Joar.,  vol.  LX,  p.  46,  New  York,  1895.)  A  short  sam- 
mary  is  given  of  the  recent  work  of  the  Missoari  geo- 
logical sarvey  regarding  hypsometry. 

Keyes,  Charles  R.  Secnlar  decay  of  granitic  rocks.  (  Proc, 
Iowa  Acad.  Sci.,  vol.  ii,  pp.  27-31,  Des  Moines,  1895.) 
Special  mention  made  of  the  granitic  area  of  soatheast 
Missoari  and  several  illnstrations  given. 
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Key 68,  Charles  R.  Serial  nomenclatare  of  carboniferoae. 
(AmericaD  Geologist,  vol.  xviir,  pp.  22-28,  Minneapolie^ 
1896.)  The  miDor  snbdiviBions  of  the  carbooiferoas  of  the 
state  are  dedoed  and  described. 

Keyes,  Charles  R.  SpbaBrodoma:  a  genas  of  fossil  gaatero- 
pods.  (Proc.  Acad.  Nat.  Sci.,  Phila.,  1889,  pp.  303-309^ 
Philadelphia,  1889.)  References  are  made  to  the  Missoori 
species. 

Keyes.  Charles  R,  Strat {graphic  catalogue  of  MisBOori  fos- 
sils. (Missoari  Geological  Sarvey,  vol.  iv,  pp.  24L-264, 
Jefferson  City,  J894.)  A  li^t  of  the  fossils  of  the  state  ar- 
ranged zoologically  ander  the  leading  geological  forma- 
tions. 

Keyes,  Charles  R.  Superior  Mississippian  in  western  Mis- 
soari and  Arkansas.  ( American  Geologist,  vol.  xyi,  pp. 
86-91,  Minneapolis,  1895.)  Recognizes  the  presence  of  St. 
Loais  and  Kaskaskia  divisions  of  the  Lower  Oarbonifer- 
ons  in  soathwest  part  of  the  state;  and  gives  lists  of  fos- 
sils. 

Keyes,  Charles  R.  Synonymic  indezical  list  of  fossils  of  Mis- 
soari. (Missoari  Geological  Survey,  vol.  y,  pp.  241-266^ 
Jefferson  City,  1894.)  Alphabetical  catalogue  of  the  fos- 
sils of  the  state,  and  their  synonyms. 

Keyes,  Charles  R.  Synopsis  of  American  carbonic  calyptr^e- 
idte.  (Proc.  Acad.  Nat.  Sci.,  Phila.,  1890,  pp.  150-181,  1 
plate,  Philadelphia,  1890.)  The  species  recorded  from  the 
state  are  listed  and  described. 

Keyes,  Charles  R.  Synopsis  of  American  paleozoic  echinoids. 
(Proc.  Iowa  Acad.  Sci.,  vol.  ii,  pp.  178-194,  3  plates,  Des 
Moines,  1895)  All  the  known  species  from  Missoari  are 
described  and  some.iigared. 

Keyes,  Charles  R.  Thickness  of  paleozoic  rocks  in  Missis- 
sippi basin.  (American  Geologist,  vol.  xvii,  pp.  161-173,, 
Minneapolis,  1896.)  The  recently  acqaired  information  on 
the  thickness  of  the  Missoari  rocks  is  considered. 


BIBLIOGRAPHY.  353 

Keyes,  Charles  R.  T«iro  remarkable  cephalopods  from  apper 
paleozoic.  (  Proc.  Iowa  Acad..  ScL,  vol.  iii,  pp.  76-78, 
Dee  Moines,  1896.)  A  naatilas  from  Kansas  Oity  de- 
scribed. 

Keyes,  Charles  R.  Ueber  das  Carbon  des  Mississippithales. 
( Nenes  Jahrbnch  far  Min.,  Oeol.  and  Pal.,  Jahrg.  1896, 
Bd.  I,  pp.  961J0,  Berlin,  1896.)  The  leadiog  stratigraphi- 
cal  featnres  of  the  Carboniferons  of  Missoari  and  adjoin- 
ing  states  are  described  and  a  classification  of  the  rocks 
given. 

Kilpatrick,  J.  W.  Bowlder  of  copper  and  glacial  Birm  in 
central  Missouri.    ( Science,  vol.  xyiii,  pp.  344-315, 1891.) 

Kimball,  J.  P.  Genesis  of  iron  ores  by  isomorphons  and  psen* 
domorphons  replacement  of  limestone.  ( American  Geol- 
ogist, vol.  viir,  pp.  352-376, 1891 )  Treats  of  the  Cambrian 
limestones  of  the  state. 

Klnderhook  fossils,  observations  on.  B.  B.  Bowley.  ( Ameri- 
can Geologist,  III,  275-276,  1889.) 

King,  H,  Grand  Tower  iron  works,  Perry  county,  Missoari. 
( Pamphlet,  20  pp.,  New  York,  1853.)  A  brief  geological 
report  on  the  locality  is  given. 

King,  H.  Bemarks  on  geology  of  state  of  Missoari.  ( Proc. 
Am.  As.  Adv.  Sci.,  vol.  Y,  pp.  182-200, 1851.)  Becognizes 
Primitive,  Silariaa  and  Carboniferons  formations  and  de- 
scribes them  fally. 

Knox  County. 

Descriptions  of  some  new  fossils  from  carboniferons  and 
devonian  rocks  of  Missoari.    G.  C.  Swallow.    (Trans. 
St.  Loais  Acad.  Sci.,  ii,  81-101,  1863.) 
Dictionary  of  altitudes.    C.  F.  Marbat.    ( Missoari  Geol. 
Sar.,  Viii,  225  316,  1896 ) 

Koch,  A.  C.  Mastodon  remains  in  state  of  Missoari,  together 
with  evidences  of  existence  of  man  contemporaneons  with 
mastodon.  (Trans.  St.  Louis  Acad.  ScL,  vol.  I,  pp.  61-65, 
St.  Loais,  1858.) 
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Koch,  A.  C.    Remains  of  mastodon  in  Missonri.    (Am.  Joar. 

ScL,  (1),  vol.  xxxYii,  pp.  191-192,  New  Haven,  1839.) 
Koenig,  G.  A.    Mineralogical  notes.    ( Proc.  Acad.  Nat.   Sci., 
Phila.,  p.  156,  Philadelphia,  1876.)     Analysis  of  barite  from 
St.  Loais  is  given. 
Kunz,  G.  F.    American  meteorites.    (Am.  Joar.  Soi.,  (3),  vol. 
xxxiv,  pp.  467-478,  New  Haven,  1887.)     A  description,  with 
plate,  is  given  of  the  Taney  connty  meteorite. 
Laclede  County. 

Cherts  of  Missonri.     E.  O.  Hovey.    (  Missouri  Oeol.  Sar., 

VII,  737-739,  1894.) 
Diotionary  of  altitudes.    C.  F.  Marbot.    ( Missoari  Oeol. 

Sar.,  VIII,  2263 16,  1895.) 
Geological  description.     B.  F.  Shumard.    (Oeol.  Sar.  Mis- 
soari, 1855  71,  213  222,  1873.) 
Lead  and  zinc  deposits.    A.  Winslow.     (Missouri  Oeol. 

Sur.,  VII,  401  pp.,  1895.) 
Mineral  waters.    P.  Schweitzer.    (  Missouri  Oeol.  Sur.,  iii, 

283  pp.,  1892.) 
Water  from  Lebanon.    L.  G.  Eakins.    ( U.  S.  Geol.  Sar., 
Ball.  60, 172,  1890.)     Analysis. 
Ladd,  G.  E.    Building  stones  and  clays  of  Iron,  St.  Francois 
and  Madison  counties.    (  Missouri  Geological  Sarvey,  Bull. 
No.  1,  pp.  2244,  JeflTerson  City,  1890.) 
Ladd,  G.  E.    Clay,  stone,  lime  and  sand  indnstries  of  St.  Louis 
city  and  county.    (  Missoari  Geological  Survey,  Ball.  No. 
3,  pp.  5-84,  4  platea,  Jefferson  City,  1890.) 
Ladd,  G.  E.    Notes  on  clays  and  building  stones  of  certain 
western  central  coanties  tributary  to  Kansas  City.    (  Mis- 
soari Geol.  Sar.,  Ball.  5,  pp.  43-86,  1  plate,  Jefferson  City, 
1891.)    An  account  of  the  industries  in  the  district. 
Lafayette  County, 

Analyses  of  coal.    K.  Chauvenet  and  A.  A.  Blair.    ( Mis- 
souri Geol.  Sur.,  3149,  1873) 
Clays  and  buildiog  stones  of  certain  western  central  coun- 
ties tributary  to  Kansas  City.     G.  E.  Ladd.    (Mis- 
souri Geol.  Sur.,  Bull.  5,  pp.  43-86,  1891.) 
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Lafayette  County,  continued — 

Goal  beds  of  Lafayette  coaaty.    A.  Winslow.    ( Missonri 

Oeol.  San,  Ball.  No.  1,  U-21, 1890.) 
DescriptioDB  of  new  fossils  from  coal  measares  of  Mis- 

soari  and  Kansas.    B.  F.  Shamard  and  O.  0.  Swallow. 

( Trans.  St.  Lonis  Acad.  Sci.,  i,  198-220, 1858.) 
Dictionary  of  altitades.    0.  F.  Marbat.    ( Missonri  Oeol. 

Bar.,  VIII,  225-316,  1895.) 
Formation  of  qnaternary  deposits.    J.  B.  Todd.    (  Mis- 
sonri Oeol.  Bar.,  x,  148, 1896.) 
Oenera  and  species  of   North   American  carboniferons 

trilobites.    A.  W.  Yogdes.    ( Annals  N.  T.  Acad.  Sci., 

IV,  69106,  1888.) 
Oeology  of  northwestern   Missonri.     O.  0.  Broadhead. 

(  Missonri  Oeol.  Sor.,  ii,  1-402,  1873.) 
Paleontology  of  Missonri.    0.  R.  Keyes.    ( Missouri  Oeol. 

Bar.,  IV,  3 14  pp.,  1894.) 
Paleontology  of  Missouri.    G.  B.  Keyes.    (  Missonri  Oeol. 

Bar.,  V,  320  pp.,  1894.) 
Btriation  of  rocks  by  river  ice.    J.  E.  Todd.    (American 

Oeologist,  IX,  396-400,  1892.) 
Btriation  of  rocks  by  river  ice.    J.  E.  Todd.    (Proc.  Iowa 

Acad.  Sci.,  I,  pt.  ii,  19.20,  1892.) 
Lagerstaetten  der  Erze,  Die  Lehre  von  den.    A.  Yon  Orod- 

deck.    (One  volume,  351  pp.,  Leipzig,  1879) 
Lamellibranchs. 

Descriptions  of  fossils  from  paleozoic  rocks  of  western 

states,  with  illustrations.    J.  H.  McOhesney.    ( Pamph 

let,  96  pp.,  1860. ) 
Descriptions  of   new  fossils   from  carboniferous  and  de 

vonian   of    Missouri.      O.  G.  Swallaw.     (Trans.  St 

Louis  Acad.  Sci.,  i,  635-651,  1860. ) 
Descriptions  of  new  fossils  from  carboniferous  anddevon 

ian rocks  of  Missouri.    O.  G.  Swallow.    (Trans.  St 

Louis  Acad.  Sci.,  ii,  81101, 1863.) 
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Lamellibranchs,  continued — 

Descriptions  of  new  fossils  from  coal  measures  of  Mia- 
soari  and  Kansas.  B.  F.  Shamard  and  O.  O.  Swal- 
low.   (Trans.  St.  Loais  Acad.  ScL,  i,  198-220,   1858.) 

Descriptions  of  new  species  of  fossils  from  Ohio  and 
other  western  states  and  territories.  F.  B.  Meek. 
(Proc.  Acad.  Nat  Sci.,  Phila,  159  178,  1871.) 

Descriptions  of  new  species  of  fossils  from  paleozoic 
rocks  of  western  states.  J.  H.  McOhesney.  (  Trans. 
Chicago  Acad.  Sci.,  i,  1-58,  1867.) 

Invertebrate  fossils  of  Waverly  gronp  and  coal  measores 
of  Ohio.  F.  B.  Meek.  ( Ohio  Geol.  Sar.,  ii,  pt.  ii^ 
400  pp.,  1875.) 

Invertebrates  from  carboniferous  system.  F.  B.  Meek 
and  A.  H.  Worthen.  (Illinois  Geol.  Bar.,  y,  321  619« 
1873.) 

Observations  npon  rocks  of  Mississippi  valley  which  have 
been  referred  to  Ohemung  groap  of  New  York,  toge- 
ther with  descriptions  of  new  species  of  fossils  from 
same  horizon  at  Burlington,  Iowa.  0.  A.  White  and 
R.  P.  Whitfield.  ( Proc.  Boston  Soc.  Nat.  Hist.,  viii^ 
289316,  1862.) 

Paleontology.  B.  F.  Shamard.  (Missoari  Geol.  Bar.,  let 
and  2nd  Ann.  Bepts.,  pt.  ii,  185-208,  1855.) 

Paleontology  of  Missoari.  0.  R.  Keyes.  (  Missoari  Oeol. 
Bar,  V,  108-132,  1894.) 

Remarkable   faana  at  base  of   Barlington  limestone   in 
northeastern   Missoari.    C.   R.  Keyes.    (  Am.   Joar. 
Sci.,  (3),  XLiv,  447-452,  1892.) 
Latitudes  and  longitades  of  certain  points  in  Missoari.  Kansas 

and  New  Mexico.    R.  S.  Woodward.    (U.S.  Geol.  Sar.^ 

Ball.  49,  133,  1889.) 
Launay,  L.  de,  Ed.  Fachs  et.    Traite  des  gites  mineranx    et 

metalliferes.      (Two   volames,   Paris,   1893.)      References 

are  made  to  the  occarrence  of  varioas  metals  in  Missoari^ 
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Lawrence  County. 

OhertB  of  Missoari.    E.  O.  Hovey.    ( Missoari  Oeol.  Sar., 

VII,  727739,  1894.) 
Dictionary  of  altitades.    C.  F.  Marbat.    (  Missoari  Geol. 

Bar.,  Yiii,  225  316,  1895.) 
OompositioD  of  cleansed  ores  of  lead  and  zinc  at  Aurora, 

Missoari.    H.  O.  Spencer.    ( Ball.  Missoari  Min.  Olab, 

I,  2832,  1895.) 
Flora  of  outlying  carboniferoas  coal  basins  of  sonthwest 

Missoari.    D.  White.    ( TJ.  S.  Oeol.  Sar.,  Boll.  98,  139 

pp.,  1893.) 
Lead  and  zinc  deposits.    A.  Winslow.    (Missoari  Oeol. 

Sar.,  vii,  401  pp.,  1895.) 
Lead  and  zinc  regions  of  sonthwest  Missoari.    A.  Schmidt 

and  A.  Leonhard.    ( Oeol.  Sar.  Missoari,  Bep.  1873-74, 

I,  381502,  1874.) 
Miscellaneoas  analyses.    F.  W.  Olarke.    ( U.  S.  Geol.  Sar., 

Ball.  90,  63-64,  1892.)    Ohert  examined. 
Paleontology  of  Missoari.    0.  B.  Keyes.    ( Missoari  Geol. 

Sar.,  lY,  314  pp.,  1894.) 
Paleontology  of  Missoari.    0.  B.  Keyes.    ( Missoari  Geol. 
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Paleontology  of  Missoari.    G.  R.  Eeyes.    (  Missoari  Oeol 

Sar.,  IV,  314  pp.,  1894.) 
Paleontology  of  Missoari.    G.  B.  Eeyes.    (  Missoari  Oeol. 

Bar.,  V,  320  pp.,  1894.) 
Lincoln  coanty,  geology.    W.  B.  Potter.    ( Missoari  Oeol.  Sar., 

ii,  215  289, 1873 ) 
Linn  County. 

Goal  beds.    A.  Winslow.    ( Missoari  Oaol.  Sor.,  i,  93*95, 

1891.) 

Dictionary  of  altitades.    G.  F.  Marbat.    (Missoari  Oeol. 
Sar.,  VIII,  225316,  1895.) 

Geological  description.    O.  G.  Broadhead.   (  Missoari  Oeol. 
Sar.,  I,  257271,  1874.) 
List  of  fossils  in  Eansas  Gity  and  vicinity.     W.  H.  B.  Lykins. 

(Eansas  Gity  Bev.  Soi.  and  Ind.,  viii,  72-77,  1884.) 
List,  synonymic  indexical,of  fossils  of  Missoari.    G.  B.  Eeyes. 

(Missoari  Oeol.  Sar,  v,  241-266,  1894.) 
Litton,  A.    Belcher  and  brother's  artesian  well.    ( Trans.  Acad. 

Sci.,  St.  Loais,  vol.  i,  pp.  80-87,  I  pi.,  St.  Loais,  1867.) 
Litton,  A.    Preliminary  report  on  principal  mines.    (Missoari 

Geological  Survey,  First  and  Second  Annaal  Beports,  pt. 

ii,  pp.  1-91,  Jefferson  Gity,  185).)     Gontains  a  description 

of  the  lead  diggings  of  southeastern  Missoari. 
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Livingston  County, 

Goal  beds.    A.  Wioslow.    (Missouri  Oeol.  Bar.,  1,95-96, 

1891.) 
Dictionary  of  altitudes.    0.  F.  Marbat.    ( Missouri  Oeol. 

Sur.,  VIII,  226-316,  1895.) 
Oeology.     O.  0.  Broadhead.    ( Missouri  Oeol.  Sur.,  ii,  290- 

316,  1873.) 
Mineral  waters.    P.  Schweitzer.    (  Missouri  Geol.  8ur.,  iii, 

283  pp.,  1892.) 
[  Localities  of  Missouri  J  O.  0.  Broadhead.  ( MacFarlane's 

Am.  Oeol.  Railway  Ouide,  pp.  154-158,  1879.) 
Loess  of  North  America.    B.  E.  Oall.    ( American  Natur- 
alist, XVI,  369-381,  1882.) 
Loess  and  clays.    E.  B.  Biggs.    ( U.  ti.  Oeol.  Sur.,  Bull.  42, 
142, 1887.)     Analysis  of  loebS. 
Locke,  J.    Lead  regions  of  upper  Mississippi^  with  remarks  on 
geology  of  the  west.    (Am.  Jour.  Sci.,  (1),  vol.  XLii,  pp. 
147-149,  New  Haven,  1842.)    Beferences  are  made  to  the 
geology  of  the  state. 
Loess  of  western  plains,  sub-aerial  or  sub-aqueous  ?.    A.  L. 
Child.    ( Kansas  City  Bev.  Sci.  and  Ind.,  iv,  293-294, 1890.) 
Loess,  origin.     O.  G.  Broadhead.    (  Am.  Jour.  Sci.,  (  3),  xviil, 

427-428,  1879.) 
Loess,  Blchtbofen's  theory  in  the  light  of  deposits  of  Mis- 
souri.   J.  E.  Todd.     ( Proc.  Am.  As.  Adv.  Sci.,  xxvii,  231- 
240,  1878.) 
Long,  S.  H.    Account  of  an  expedition  from  Pittsburg  to  Booky 
mountains,  performed  in  years  1819  and  1820.    (Two  vols., 
Philadelphia,  1823.)     Incidental  references  to  Missouri  ge- 
ology. 
Longitudes  of  certain  points  in  Missouri,  Kansas  and  New 
Mexico,  and  latitudes.    B.  S.  Woodward.    (U.  S.  Oeol. 
Sur.,  Bull.  49,  133,1889) 
Lonsdale,  E.  H.    Topography  of  granite  and  porphyry  region 

a 

of  Missouri.  (Proc.  Iowa  Acad.  Sci.,  vol.  i,  pt.  iv,  pp.  43- 
48,  Des  Moines,  1894.)  Description  of  relief  in  south- 
eastern Missouri. 
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Lonsdale,  E.  H.  Soathern  extension  of  nretaceoas  in  Iowa. 
( Proc.  Iowa  Acad.  Soi.,  vol.  i,  pt.  1v,  pp.  39-43,  Des  MoineB, 
1894.)  Reference  to  probable  occnrrenoe  of  OretaceonB 
strata  in  northwestern  Missonri. 

Lonsdale,  E.  H.  Upper  carboniferous  of  sontbwestern  Iowa. 
( Proc.  Iowa  Acad.  Sci.,  vol.  ii,  pp.  197-200,  Des  Moines, 
1895.)  Mention  of  character  and  thickness  of  CTpper  Goal 
Measures  in  northwestern  Missonri. 

Louisiana  territory,  lead  mines.  E.  TifQn.  (Twelfth  Gong., 
1st  Bess.,  No.  201,  ii,  380, 1812.) 

Louisiana,  npper,  description  of  lead  mines.  A.  Stoddard. 
(Eighth  Gong.,  2Qd  Sess.,  No.  103,  i,  188191,  1804.) 

Lower  oarboniferoas  system  as  developed  in  sonthern  Illinois. 
O.  J.  Eoglemann.  ( Trans.  St.  Loais  Acad.  Sci.,  it,  188190, 
1862.) 

Loughridge,  R.  H.  Report  on  geological  and  economic 
features  of  Jackson  purchase  region.  (Oeol.  8ur.  Ken- 
tucky, 357  pp.,  1888.)  Incidental  comparisons  of  rocks 
made  with  those  of  southeastern  Missouri. 

Luedeking,  C.,  and  H.  A.  Wheeler.  Notes  on  a  Missouri 
barite.  (Am.  Jour.  Hci.,  (3),  vol.  XLii,  pp.  496-498,  New 
Haven,  1891.)  Two  varieties  of  barite  from  Pettis  coanty 
are  described. 

Lykins,  W.  H.  R.  List  of  fossils  in  Kansas  City  and  vicinity. 
(  Kansas  City  Rev.  Sci.  and  Ind ,  vol.  viii,  pp.  72-77,  Kan- 
sas City,  1884.) 

McAdams,  W.  New  vertebrate  from  St.  Louis  limestone. 
(Proc.  Am.  As.  Adv.  Sci,  vol.  xxxii,  p.  269,  1883.) 

McChesney,  J.  H.  Descriptions  of  fossils  from  paleozoic 
rocks  of  western  states,  with  illustrations.  (Pamphlet, 96 
pp.,  9  plates,  Chicago,  1860 )  Missouri  species  are  described, 
but  without  figures. 

McChesney,  J.  H.  Dascriptions  of  new  species  of  fossils  from 
paleozoic  rocks  of  western  states.  (Trans.  Chicago  Acad. 
Sci.,  vol.  I,  pp.  I  58,  Chicago,  1867.)  Fossils  from  Missoari 
are  described. 
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McDonald  County. 

Dictionary  of  altitades.    O.  F.  Marbot.    (  Missoari  Oeol. 

Sur.,  VIII,  225-316,  1895.) 
Lead  and  zinc  regions  of  south  v^est  Missouri.    A.  Schmidt 
and  A.  Ldonhard.    ( Geol.  Sur.  Missouri,  Bep.  1873-74, 
I,  381-602,  1874.) 
Mineral   waters.    P.  Schweitzer.    (Missouri  Oeol.  Sur., 
Ill,  283  pp.,  1892.) 

McGee,  W.  J.  Notes  on  geology  of  Macon  county,  Missouri. 
( Trans.  Acad.  Sci.  St.  Lonis^  vol.  v,  pp.  305-336,  St.  Louis, 
1888.) 

McGee,  W.  J.  Pleistocene  history  of  northeastern  Iowa.  ( U. 
S.  Oeol.  Sur.,  11th  Ann.  Bep.,  pp.  199-667,  Washington, 
1891.)    Incidental  references  are  made  to  Missouri  geology. 

Maclure,  William.  Observations  on  geology  of  United  States 
of  America.  ( Trans.  American  Philos.  Soc,  new  series, 
vol.  I,  pp.  1-92,  Philadelphia,  1818.)  Go  the  Missouri  part 
of  the  map  the  coloration  is  all  for  Secondary  sedimentary 
rocks.    Incidental  references  also  to  the  geology. 

MacFarlane,  James.  Goal  regions  of  America ;  their  topo- 
graphy, geology  and  development.  ( One  volume,  680  pp. 
New  York,  1873.)  An  account  of  the  Missouri  coal  region 
is  given  on  pages  469-477. 

MacFarlane,  J.  *'  Earthquake  "  at  New  Madrid,  Mo.,  in  1811, 
probably  not  an  earthquake.  ( Proc.  Am.  As.  Adv.  Sci., 
vol.  xxxii,  pp.  220-222,  1883.) 

Macon  County. 

Goal  beds.    A.  Winslow.    ( Missouri  Oeol.  Sur.,  i,  62-67, 

1891.) 

Dictionary  of  altitudes.  G.  F.  Marbut.  (  Missouri  Oeol. 
Sur.,  VIII,  226  316,  1896.) 

Formation  of  quaternary  deposits.  J.  B.  Todd.  (Mis- 
souri Oeol.  Sur.,  x,  178-180, 1896.) 

Geological  description.  O.  G.  Broadhead.  ( Oeol.  Sur. 
Missoari,  1855-71,  74  92,  1873.) 
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Macon  County,  continued — 

Notes  on  fireology  of  MaooD   coanty,   Missouri.     W.   J» 

MoGee.     (Trans.  Aoad.  Soi.   St.  Loais,  v,  305-336^ 

1888.) 
Paleontology  of  Missoari.    G.  B.  Keyes.    (  Missouri  OeoL 

Sur.,  IV,  314  pp.,  1894.) 
Paleontology  of  Missouri.    G.  B.  Eeyes.    ( Missouri  Geol. 

Sur.,  Y,  320  pp.,  1894.) 
Macon    county,  Missouri,    geology    notes.      W.  J.  McOee. 

(Trans.  Acad.  Soi.  St.  Louis,  v,  303-336,  1888.) 
Madison  County. 

Building  stones    and  clays    of   Iron,  St.  Francois    and 

Madison  counties.    G.  B.  Ladd.    (  Missouri  Geo.  Sar.^ 

Bull.  No.  1,  2244,  1890.) 
Oobttlt  in  Missouri.    G.  Troost.    (  Am.  Jour.  Sci.,  ( I ),  xii^ 

378,  1827.) 
Contribution    to    arch»an    geology     of    Missouri.       E. 

Ha  worth.    (Johns  Hopkins  Univ.  Circulars,  viii,  71- 

72,  1888.; 
Contribution   to  archaBean  geology  of  Missouri.    £.  Ha- 

worth.    ( American  Geologist,  i,  280-297  and  363  382^ 

1888.) 
Contributions  from  laboratory  of  Missouri  school  of  mines 

and  metallurgy.    C.  P.   Williams.     ( Missouri   State 

Univ.,  Ann.  Bep.  for  1876, 197-212,  1877.)     MeUllurgi- 

cal  products  from  Mine  la  Motte  are  considered. 
Crystalline  rocks  of  Missouri.    E.  Haworth.    ( Proc.  Iowa 

Acad.  Sci.,  I,  pt.  i,  66-68,  1890.) 
Crystalline  rocks  of  Missouri.     E.  Haworth.    ( Missoari 

Geol.  Sur.,  viii,  81224,  1895.) 
Dictionary  of  altitudes.    C.  F.  Marbut.    (Missouri  Geol. 

Sur.,  VIII,  225316,  1896.) 
General  geology   of     Missouri  crystalline  area.      C.    R. 

Keyes.    ( Missouri  Geol.  Sur.,  viir,  84104, 1895.) 
Geological    description.      G.  C.   Broadhead.      ( Missoari 

Geol.  Sur.,  i,  342379,  1874.) 
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Madison  County,  continued — 

Geological  report  on  MiDe  la  Motte  estate,  the  property  of 

Eowland  Hazard,  sitaated  in  St.  Francois  and  Madison 

coantief,  MiASoari.    J.  B.  Mills.    ( One  volnme,  51  pp., 

New  York,  1877.) 
Oeology  of  Mine  la  Motte  sheet.    0.  B.   Keyes.     ( Mis- 

sonri  Geol.  Sar.,  ix,  pt.  iv,  132  pp.,  1896 ) 
Iron  Mountain  sheet.    A.  Winslow.    ( Missoari  Geol.  Sar.,. 

IX,  Sheet  Report  No.  3,  97  pp.,  1894.) 
Iron  ores.    F.  L.  Nason.    (  Missoari  Geol.  Sar.,  ii,  246- 

248,  1892.) 
Iron  ores  of  soatheastern  Missouri.    P.  M.  Moore.    (  Geo].. 

Sar.  Missoari,  Rep.  1873-74,  i,  638-671,  1874.) 
Lead  and  zinc  deposits.    A.  Winslow.    (Missoari  GeoL 

Sar.,  viT,  401  pp.,  1896.) 
Lead  mines  of  southeast  Missoari.     J.  B.  Gage.      (GeoL 

Sur.  Missoari,  Rep.  1873-74,  i,  601637, 1874.) 
Marbles  of  southeast  Missoari.    G.  0.  Broadhead.    ( Kan- 
sas City  Rev.  Sci.  and  Ind.,  v,  523-527,  1^82.) 
Metallic  wealth  of  United  States.    J.  D.  Whitney.    ( One 

volume,  481  pp.,  Philadelphia,  1854.) 
Mineral  region  of  state  of  Missoari.    J.  N.  Nicollet.    ( Am. 

Jour.  Sci,  (1),  XLV,  340-341,  1843.) 
Mineral  waters.    P.  Schweitzer.    ( Missoari  Geol.  Sar.,  ui^ 

283  pp.,  1892.) 
Missouri  building  and  ornamental  stones.    G.  R.  Eeyes. 

(Stone,  XII,  432 439,  546-557,  and  xiii,  30 32,  1896.) 
Notes  on  ore  deposits  and  ore  dressing  in  southeastern 

Missouri.    J.  F.  Kemp.    ( Columbia  School  of  Mines 
.    Quart.,  IX,  74.82,  1887.) 
Notice  of  new  brachiopod  from  lead-bearing  rocks  at  Mine 

la  Motte,  Missouri.    F.  B.  Meek.    ( Proc.  Acad.  Nat. 

Sci.,  Phila.,  185-188,  1871.) 
Occurrence  of  lead  ores  in  Missouri.    J.  B.  Gage.    ( Eng. 

and  Min.  Jour.,  xviii,  194  and  209-210,  1874.) 

o— 24 
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Madison  County,  continued — 

Paleontology  of  Missoari.    G.  B.  Keyes.    ( Missouri  Geol. 

Sar.,  V,  320  pp.,  1894.) 
PrelimiDary  report  on  priDcipal  mines.    A.  Litton.     (  Mis- 
soari Oeol.  Sar.,  1st  and  2nd  Ann.  Bepts..  pt.  ii,  1-94, 
1856.) 
Prismatic  sandstone  from  Missouri.    E.  Haworth.     (  Proc. 

Iowa  Acad.  Sci.,  i,  pt.  ii,  36  37,  1892.) 
Plambo-resinite  and  enpreous  sulpbato-carbonate  of  lead 
in  Missoari.    J.  L.  LeConte.    (Am.  Joar.  Sci.,   (2), 
III,  117,  1847.) 
Belations  of  granite  and  porphyry  areas  in  soatheastem 
Missoari.    G.  B.  Keyes.    (Joarnal  Geology,  ly,  375- 
377,  1896.) 
Bemarks  on  Pilot  knob,  Iron  moantain  and  Mine  la  Mo^te 
districts.     P.  Frazer,  Jr.     ( Proc.   Acad.   Nat.    Sci.. 
Phila.,  85  86,  1874.) 
Soatheast  Missoari  lead  district.    G.  0.  Broadbead.     (  Eng. 
and  Min.  Joar.,  xxii,  59-60,  1875.) 
Magnesian  series  of  Ozark  aplift.    F.  L.  Nason.    ( American 

Geologist,  XI,  91  94,  1893.) 
Magnetic  sarvey  of  Missoari.      F.  £.   Nipher.      ( Am.    Joar. 

Sci.,  (3),  XXI,  310312,  1881.) 
Magnetite.    ( See  oxides.) 

Magnetite  from  Iron  moantain  and   Pilot  knob,  Missoari,  an- 
alysis.   E.Harrison.    (Proc.  Boston   Soo.  Nat.  Hist.,  vi, 
295,  1857.) 
Mammals  and  birds,  history  of  British  fossil.     B.  Ov^en.    (  One 

volame,  290  298,  1846.) 
Mammals  in  drift,  bones.     G.  G.  Broadhead.    (Trans.  Acad. 

Sci.  St.  Liais,  III,  xxii-xxiv,  1869.) 
Mammoth  (mastodon?)     Anonymoas.    (Am.  Joar.  Sci.,  (1  ), 

xxxvi,  189-201,  1839.) 
Manganese. 

Manganese:  its  ases,  ores  and  deposits.  B.  A.  F.  Pen- 
rose, Jr.  (Geol.  Sur.  Arkansas,  Ann.  Bep.  1890,  i, 
608  pp.,  1891.) 


BIBUOQBAPHY.  371 

Manganese,  continued — 

Notes  OQ  geology  of  Pilot  kaob  and  its  vloiaity.    B.  Pam- 

pelly.    ( Missoari  Geol.  Bar.,  328,  1873.) 
Notes  on  mineralogy  of  Missoari.  A.  Y.  Leonbard.  ( Trans. 
Acad.  Sci.  St.  Loais,  iv,  440-453,  1884.) 
Manganese :  its  uses,  ores  and  deposits.    B.  A.  F.  Penrose, 
Jr.    ( Geol.   Sur.  Arkansas,  Ann.   Bep.  1890,  i,  608   pp., 
1891.)    Befers  to  Missonri  deposits. 
Map   of  Missoari,  hypsometric.      0.  B.  Eeyes.      (American 

Geologist,  XV,  314317,  1895.) 
Mapoteca   geologica  Americana;  a  catalogae  of  geological 
maps  of  America  (North  and  Soath),  175*3-1881.    J.  Mar- 
coa  and  J.  B.  Marcoa.     ( U.  S.  Geol.  Bar.,  Ball.  7, 127-138, 
1884.) 
Mapping  of  Missoari.    A.  Winslow  and  0.  F.  Marbut.    (Trans. 

St.  Loais  Acad.  Sci.,  vi,  57-90,  1892.) 
Maps. 

Mapoteca   gt-ologica   Americana.    J.  Marcoa  and  J.  B. 

Marcoa.    ( U.  S.  Geol.  Bar.,  Ball.  7,  127138, 1884.) 
Mapping  of   Missoari.     A.   Winslow  and  0.  F.  Marbat. 

(Trans.  St.  Loais  Acad.  Soi.,  vr,  57-90,  1892.) 
Old  maps.    G.  0.  Broadbead.    (  Kansas  Oity  Bev.  Sci.  and 

Ind.,  VII,  56  58,  1883.) 
Bemarks  on  geological  map  and  section  of  rocks  of  Mis- 
soari.    G.  0.  Swallow.    (  Americaa  Natarallst,  v,  541- 
542, 1871.) 
Besame  explicatif  d'ane  carte  geologiqne  des  Etats-anis. 
J.  Marcoa.  ( Ball.  Soc.  geol.  de  France,  xcc,  813, 1855.) 
Unit  of  geological  mapping  for  state  sarveys.     N.  H.  Win- 
chell.    (  American  Geologist,  xi,  44-47,  1893.) 
Maps  ( list). 

1809.    Maclare,  William.    A  map  of  United  States,  colored 

geologically.  Accompanies  Observations  on  geology 
of  United  States,  explanatory  of  a  geological  map  in 
Trans.  Amer.  Philos.  S3c.,  vol.  vi,  p.  411,  Piilalel  pbia 
1809. 
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Maps  (list),  continued — 

1817.    Maclare,  William.  Map  of  United  States  of  America^ 
designed  to  illastrate  the  geological  memoir  of  Wm. 
Maclare,  esq.    Accompanies  Observations  on  geology 
of  United  States  of  America,  in  Trans.  Amer.  Philos. 
Soc,  new  series,  vol.  i,  Philadelphia,  1817. 
1823.    Long,  S.  H.,  and  Edwin  James.    Map  of  coantry 
drained  by  Mississippi,  western  section.    Accompanies 
an  aoconnt  of  an  expedition  from  Pittsburg  to  Bocky 
mountains,  performed  in  years  1819  and  1820,  ander 
command  of  Major  S.  H.  Long,  and  compiled  by  Edwin 
James,  geologist  to  the  expedition,  Philadelphia,  1823. 

1852.  Owen,  D.  D.,  J.  G.  Norwood,  and  Charles  Whit- 
tlesey. Geological  map  of  Wisconsin,  Iowa,  and  Min- 
nesota, exhibiting  also  the  extension  of  Iowa  coal 
field  into  Missouri,  and  its  relation  to  the  Illinois  coal 
field.  Accompanies  Report  of  a  geological  survey  of 
Wisconsin,  Iowa,  and  Minnesota  and  incidentally  of 
a  portion  of  Nebraska  territory,  by  D.  D.  Owen, 
Philadelphia,  1852. 

1853.  Marcou,  Jules.  Geological  map  of  United  States 
and  British  provinces  of  North  America.  Accom- 
panies A  geological  map  of  United  States  and  British 
provinces  of  North  America,  with  an  explanatory  text^ 
geological  sections,  and  plates  of  fossils  which  charac- 
terize the  formations,  Boston,  1853. 

1855.  Meek,  F.  B.  Geological  map  of  Moniteau  county. 
Accompanies  First  and  second  annual  reports  of  geo- 
logical survey  of  Missouri,  part  ii,  page  94,  Jefferson 
City,  1855. 

1855.  Shumard,  B.  F.  Geological  map  of  Saint  Loais 
county.  Accompanies  First  and  second  annual 
reports  of  geological  survey  of  Missouri,  part  ii,  pai^e 
184,  Jefferson  City,  1855. 
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Maps  (list),  continued — 

1855.  Shamard,  B.  F.  Oeological  map  of  Franklin  county. 
Aocompanies  First  and  second  annual  reports  of  geo- 
logical survey  of  Missouri,  part  ii,  page  168,  Jefferson 
City,  1865. 

1855.  Swallow,  G.  G.  Geological  map  of  Oooper  county. 
Accompanies  First  and  second  annual  reports  of  geo- 
logical survey  of  Missouri,  part  i,  page  202,  Jefferson 
City,  1856. 

1856.  Swallow,  G.  G.  Geological  map  of  Marion  county. 
Accompanies  First  and  second  annual  reports  of  geo- 
logical survey  of  Missouri,  part  i,  page  84,  Jefferson 
City,  1855. 

1859.  Phillips,  J.  Y.  ■  Geological  map,  showing  the 
mineral  region  contiguous  to  the  Iron  Mountain  rail- 
road, Missouri.  Accompanies  fieport  on  geology  of 
mineral  districts  contiguous  to  the  Iron  Mountain 
railroad,  St.  Louis,  1859. 

1859.  Swallow,  G.  0.  Geological  map  of  southwest 
branch  of  Pacific  railroad.  Accompanies  A  geological 
report  of  country  along  line  of  southwestern  branch 
of  Pacific  railroad,  state  of  Missouri,  Saint  Louis,  1859. 

1866.  Daddow,  S.  H.  Map  of  great  coal  field  in  Iowa 
and  Missouri.  Accompanies  Goal,  iron,  and  oil;  or 
the  practical  American  miner,  page  377,  Potts ville.  Pa., 
1866. 

1873.  Meek,  F.  B.  Geological  map  of  Miller  county. 
Accompanies  Beport  of  geological  survey  of  Missouri, 
1865-1871,  page  110,  Jefferson  Oity,  1873. 

1873.  Meek,  B.  F.  Geological  map  of  Morgan  county. 
Accompanies  Report  of  geological  survey  of  Missouri, 
1856-1871,  page  134,  Jefferson  Oity,  1873. 

1873.  Pumpelly,  Raphael.  Magnetic  geological  map  of 
the  Pilot  knob  iron  district.  Accompanies  Geological 
survey  of  Missouri,  report  on  iron  ores  and  coal  fields, 
as  folio  plate  ii.  New  York,  1873. 
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Maps  ilist\  continued — 

1373.     Potter,  W.  B.    Map  of  Lincoln  coanly  coal  region. 

AccomiMmies  Geological  survey  of  Missonri,  report 

on  iron  ores  and  coal  fields,  as  folio  plate  ix.  New 

York,  1873. 
1873.     Potter,  W.  B.    Geological  map  of  Lincoln  county. 

Accompanies  Creological  sorvey  of  Missonri,  report 

on  iron  ores  and  coal  fields,  as  folio  plate  tIii,  New 

York,  1873. 
1873.     Shamard,  B.  F.    Geological  map  of  Cape  Girmrdema 

coanty.    Accompanies  Report  of  geological  anrTej  of 

MissoQn«  1855-1871«  page  274,  Jefferson  City,  1873. 
1873.    8hQmard«  R  F.    Geological  map  of  Clark  eonntj. 

Accompanies  Geological  surrey  of  Missoaii,   1855- 

1871«  page  31i«  Jefferson  City,  1873. 
187SL    Sknaiard.  B.  F.   Geological  map  of  Jefferson  couity. 

Accompanies  Geological  smrvey  of  Xissoiui.   1S55- 

187  K  page  3C4.  Jeffeieon  City«  1873L 
1873.    Sknmaid«  B.  F.    Geological  map  of  Oiaik  eomaiy. 

Aceompaniea  Report  of  geological  sarrey  of  Miaaomri. 

15^^1871.  page  ISS^  Jeffecaoa  Oxj.  1873w    Ineladea 

aU\>  wkat  is  now  Doagtas  coaa:y. 
187;^    SksKaid*  R  F.    GeoIogicAl  map  of  Palaski  coanty. 

Acic<^mpaa:e«  Report  of  geological  sarrer  of  Misaoari. 

l8o^l87K  page  if*.  Jefferson  City.  l!?73L 
18:;^     $kxsa?U,RF.    G^xo^Icalatapof  SazasGeaeTiere 

^Ntx'j.    AiT^^'^xpaupa  Geoil«^|:waI  ^-rrrey  o^  Mmaoari« 

InX>  I8:i.  pa^ce  2Wi  Jefferwa  a;y.  1571. 
)Sr<^    S^xiUkTN?^  R  F.    Ge^g^osZ  sa^  of  Wrigki  ciaaaij. 

AcvNMf  raaL:<i»  Repon  ^  geoL^eiL  aarrej  af 

I>rA     Sinfclvw.  G.  O^    Gif^^^>raL  aa^  e^ 
^vMtpittiie^  jfc  i*tKv«^j:aI  »kec.f^  ^  scare  e^ 
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Maps  (list),  continued, 

1873.  Broadhead,  O.  G.  PrelimiDary  geological  map  of 
northern  Missonri.  Accompanies  Geological  survey 
of  MisBOori,  report  on  iron  ores  and  coal  fields,  as  folio 
plate  V,  New  York,  1873. 

1874.  Broadhead,  O.  0.  Barton  county.  Accompanies 
Geological  sarvey  of  Missoari,  1873-1874,  in  folio  atlas, 
Jefferson  City,  1874. 

1874.  Broadhead,  G.  0.  Bates  oonnty.  Accompanies. 
Geological  snrvey  of  Missoari,  in  folio  atlas  in  folio 
atlas,  Jefferson  Oity,  1874. 

1874.  Broadhead,  G.  0.  Oedar  county.  Accompanies 
Geological  survey  of  Missouri,  18731874,  in  folio  atlas, 
Jefferson  Oity,  1874. 

1874.  Broadhead,  G.  0.  Vernon  county.  Accompanies 
Geological  survey  of  Missouri,  1873-1874,  in  folio  atlas, 
Jefferson  City,  1874. 

1874.  Broadhead,  G.  C,  and  O.  J.  Norwood.  Geological 
map  of  Jasper  county,  with  lead  region  of  Jasper  and 
Newton  counties.  Accompanies  Geological  survey  of 
Missouri,  1873187 4,  in  folio  atlas,  Jefferson  City,  1874. 

1874.  Broadhead,  G.  G.,  and  G.  J.  Norwood.  Howard 
county.  Accompanies  Geological  survey  of  Missouri, 
1873-1874,  in  folio  atlas,  Jefferson  Gity,  1874. 

1874.  Broadhead,  G.  G.,  and  G.  J.  Norwood.  Madison 
county.  Accompanies  Geological  survey  of  Missouri, 
1873-1874,  in  folio  atlas,  Jefferson  Gity,  1874. 

1874.  Broadhead,  G.  G.,  and  G.  J.  Norwood.  Part  of 
northern  Missoari.  Accompanies  Geological  survey 
of  Missouri,  1873-1874,  in  folio  atlas,  Jefferson  Gity, 
1874. 

1874.  Broadhead,  G.  G.,  and  A.  Schmidt.  Map  of  the 
lead  region  of  central  Missouri.  Accompanies  Geolog- 
ical survey  of  Missouri,  1873-1874,  Jefferson  Gity,  1874. 

1877.  Mills,  J.  E.  General  geology  of  the  ( Mine  la  Motte ) 
tract.  Accompanies  Geological  report  of  Mine  la 
Motte  estate.  New  York,  1877. 
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Maps  (list),  continued — 

1891.  WiDslow,  A.  Block  map  of  MisBoari,  showing  area 
of  ooal  mcasares.  Acoompanies  prelimiDary  report 
OD  coal,  formiDg  volame  i  of  roports  of  Missoari  geo- 
logical snrvey,  Jefferson  City,  1891. 

1892.  l^asoD,  F.  L.  Geological  map  of  Missouri  ( show- 
ing distribation  of  iron  ores ).  Accompanies  report 
npon  iron  ores,  forming  volame  ii,  of  reports  of  Mis- 
sonri  geological  survey,  Jefferson  Oity,  1892. 

1892.  Schweitzer,  P.  Geological  map  of  Missouri  ( show- 
ing location  of  mineral  springs).  Accompanies 
report  on  mineral  waters,  forming  volame  iii  of  reports 
of  Missouri  geological  survey,  Jefferson  Oity,  1892. 

1892.  Winslow,  A.  Geologic  and  topographic  map,  Hig- 
ginsville  sheet.  Accompanies  report  of  Higginsville 
district  in  Lafayette  and  Bay  counties,  forming  part  1 
of  volume  ix  of  the  reports  of  the  Missouri  geological 
survey,  Jefferson  Oity,  1892. 

1894.  Gordon,  0.  H.  Geologic  and  topographical  map, 
Bevier  sheet.  Accompanies  report  on  the  Bevier  dis- 
trict in  Macon,  Bandolph,  and  Ohariton  counties, 
forming  part  2  of  volume  ix  of  the  reports  of  the  Mis- 
souri geological  survey,  Jefferson  City,  1894. 

1894.  Keyes,  0.  B.  Geological  map  of  Missouri.  Ac- 
companies volume  iv  of  reports  of  Missouri  geological 
survey,  Jeflferson  Oity,  1894. 

1894.  Winslow,  A  ,  and  E.  Haworth.  Geologic  and  topo- 
graphic map.  Iron  Mountain  sheet.  Accompanies 
report  on  Iron  mountain  district  in  Iron,  St.  Francois 
and  Madison  counties,  forming  part  3  of  volume  ix  of 
the  reports  of  the  Missouri  geological  survey,  Jeffer- 
son Oity,  1894. 

1895.  Haworth,  E.  Map  showing  distribution  of  crystal- 
line rocks  in  southeastern  Missouri.  Accompanies 
volume  viii  of  the  reports  of  the  Missouri  geological 
survey,  facing  page  82,  Jefferson  Oity,  1895. 
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Maps  (list),  continued'-' 

1895.    WiDslow,  A.    Map  of  central  lead  and  zino  district 
of  Missoari.    AcoompaDies  volatne  vii  of  reports  of 
Missoari  geological  survey,  opposite  page  703,  Jeffer- 
son Gity,  1895. 
1895.    Winslow,  A.    Map  of  sontheaatern  lead  and  zinc 
district  of  Missonri.    Accompanies  volame  vii  of  re- 
ports of  Missouri  geological  survey,  page  645,  Jeffer- 
son City,  1895. 
1895.     Winslow,  A.    Map  of  southwestern  lead  and  zinc 
district  of  Missouri.    Accompanies   volume  vii  of  re- 
ports of  Missouri  Geological  survey,  page  543,  Jeffer- 
son Gity,  1895. 
189t>.    Keyes,  G.  R.,  and   E.  Haworth.    Geological  and 
topographical  map.  Mine  la  Motte  sheet    Accompa- 
nies report  on  the  Mine  la  Motte  sheet,  including  por- 
tions of  Madison,   St.  Francois  and   Ste.  Genevieve 
counties,  and  forming  part  of  volume  ix  of  reports  of 
the  Missouri  ge6]ogioal  survey,  Jefferson  Gity,  1896. 
Marble  cave,  Missouri,  description.    J.  B.  Emery.    (Kansas 

Gity  Bev.  Soi.  and  Ind.,  viii,  614  623, 1885.) 
Marbles  of  southeast  Missouri.    G.  G.  Broadhead.    ( Kansas 

Gity,  Bev.  Sci.  and  Ind.,  v,  623527,  1882.) 
Marbut,  Curtis  Fletcher.    Dictionary  of  altitudes  of  Missoui:!. 
( Missouri  Geol.  Sur.,  vol.  viii,  pp.  225-316,  Jefferson  Gity, 
1895.)    A  revised  table  of  elevations  of  all  railroad  stations 
referred  to  sea  level  through  lines  of  precise  leveling. 
Marbut,  Curtis  Fletcher.    Physical  features  of  Missouri.  (Mis- 
souri Geol.  Sur.,  vol.  x,  pp.  11-110,  IL  plates,  19  cuts,  Jef- 
ferson Gity,  1896.) 
Marbut,  Curtis  Fletcher,    A.  Winslow  and.    Mapping  of  Mis- 
souri.   (Trans.  St.  Louis  Acad.  Sci.,  vol.  vi,  pp.  57-90,  St. 
Louis,  1892.) 
Marcou,  J.  B.,  J.  Marcou aud.    Mapoteoa  geologica  Americana. 
(U.  S.  Geol.  Sur.,  Ball.  7,  pp.  89101,  Washington,  1884.) 
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Marcou,  Jules.  Besame  explicatif  d'une  carte  geologiqae  des 
Etats  nniB.  (Ball.  Soo.  geol.de  FraQce,  tome  xii,  p.  813, 
Paris,  1855.)  iDcidental  mention  to  geology  of  Missoari 
and  Arkansas. 

Marcou,  Jules.  Une  reconnaissance  geologiqae  aa  Nebraska 
(Ball.  Soc.  geol.  France,  (*J),  tome  xxi,  pp.  132-146,  Paris 
1864.)  Bemarks  are  made  on  the  correlation  of  the  Car 
boniferoas  in  northwestern  part  of  the  state. 

Marcou,  Jules,  and  John  Belknap  Maroon.  Mapoteca  gee 
logica  Americana.  (U.  S.  Geol.  Sar.,  Ball.  7,  pp.  89-101 
Washington,  1884.)    List  of  geological  maps  of  Missoari 

Maries  County. 

Geological  description.     G.  0.   Broadhead.    ( Geol.  Sar 

Missoari,  185571,  7-22,  1873.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missoari  Oeol 

Sar.,  VII,  401  pp.,  1895.) 
Lead   region   of  central   Missouri.      A.  Schmidt.     (Geol 

Sar.  Missoari,  Bep.  1873-74,  i,  503-577,  1874.) 
Marion  County. 

Cherts  of  Missoari.    £.  O.  Hovey.    ( Missoari  Geol.  Sar., 

VII,  727-739,  1894.) 
Classification  of  lower  carboniferoas  rooks  of  Mississippi 

valley.    C.  B.  Keyes.    ( Pamphlet,  21  pp.,  Washington, 

1892.) 
Descriptions    of    new    fossils    from    carboniferoas  and 

devonian  of    Missoari.     G.  C.  Swallow.    (Trans.  St. 

Loais  Acad.  ScL,  i,  635-651,  1860.) 
Catalogue  of  blastoidea  in  geological  department  of  British 

maseam.      B.   Ethridge,   Jr.,  aod   P.  H.   Carpenter. 

(  One  volume,  288  pp.,  1886 ) 
Coal   beds.      A.  Winslow.     (  Missoari  Geol.  Sar.,  i,  87, 

1891.) 
Descriptions  of  new  species  of  fossils  from  devonian  and 

carboniferoas   rocks    of  Mississippi    valley.      C.   A. 

White.    (  Proc.  Boston  Soc.  Nat.  Hist,  ix,  832,  1862.> 
Dictionary  of  altitudes.    C.  F.  Marbut.    (  Missoari  GeoU 

Sur,  VIII,  226  316,  1895.) 
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Marion  County,  continued — 

Genera    and  species  of   North  Amerioan    carboniferoos 

trilobites.     A.  W.  Vogdes.    (  Annals  N.  Y.  Acad.  Sci., 

IV,  69  106,  1888.) 
Geographical  distribution  of  fossil  plants.    L.  F.  Ward. 

(U.  S.  Geol.  Bar.,  Eighth  Ann.  Rep.,  pt.  if,  896, 18S9.) 
Geological  description.    G.  G.  Swallow.    (  Missonri  Geol. 

Snr.,  1st  and  2nd  Ann.  Bepts.,  178-185,  1855.) 
Observations  upon  rocks  of  Mississippi  valley  which  have 

been  referred  to   Ohemang  group  of  New  York,  to- 
gether with  description  of  new  species  of  fossils  from 

same  horizon  at  Burlington,  Iowa.    0.  A.  White  and 

R.  P.  Whitfield.    (Proc.  Boston  Soc.  Nat.  Hist.,  viii, 

2d9-316,  1862.) 
Paleontology  of  Iowa.    J.  Hall.    ( Geology  Iowa,  i,  473- 

725,  1858.) 
Paleontology  of  Missouri.    G.  B.  Keyes.    (  Missouri  Geol. 

Sur.,  TV,  314  pp.,  1894.) 
Paleontology  of  Missouii.    C.  B.  Keyes.    (  Missouii  Geol. 

Sur.,  V,  320  pp.,  1894.) 
Sjringothyris,  Winchell,  and  its  American   species.    0. 

Schuchert.    (Ninth  Ann.  Bep.  State  Geologist  New 

York,  2838,  1890.) 
Ueber    das  Garbon  des  Mississipithales.    G.  B.   Keyes. 

(Neues    Jahrbach   fur  Min.,    Geol.  und  Pal,  Jahrg. 

1896,  I,  96110,  1896.) 
Marshall  group;  a  memoir  on  its  geological  position,  charact- 
ers and  equivalencies  in  the  United  States.  A.  Winchell. 
( Proc.  Am.  Philosophical  Soc,  vol.  xi,  pp.  57-83,  Philadel- 
phia, 1869.)  References  to  the  correlations  of  the  Kinder- 
hook  rocks  of  Missouii  are  given. 
Mastodon.    G.  C.  Broadhead.    ( Kansas  City   Bev.  Sci.  and 

Ind.,  IV,  619  630,  1881.) 
Mastodon  (!)  and  Elephas  piimogenius, note.    J.  Richardson. 

(Am.  Jour.  Sci.,  (2),  xix,  131132^  1866.) 
Mastodon  bones  found  in  Benton  county,  Missouri.    S.  H. 
Whipple.    (Proc.  Am.  Philos.  Soc,  iv,  3636,  1866.) 
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Mastodon,  brought  to  the  city  by  Albert  Kooh,  of  St.  Loais, 

remarks  on  collection  of  fossil  bones.    I.  Hays.    ( Trans. 

Am.  Philos.  Soc,  ii,  i02-l(i4, 1862.) 
Mastodon,  dental  system.    W.  E.  Horner.    ( Trans.  Am.  Pbilos. 

Soc,  N.  S.,  VIII,  53-60,  1840.) 
Mastodon,  Dr.  Koch  and  the  Missouri.     E.  Andrews.     (Am. 

Jour.  Sci.,  ( 3 ),  X,  32  34,  1875.) 
Mastodon,  dental  system.     W.  E.  Horner.    (Proc.  Am. Philos. 

Soc,  I,  306-308, 1861.) 
Mastodon  gigantens.    (Am.  Jour.  Soi.,  (2),  ii,  131-134,  1846.) 
Mastodon  in  Missouri,  remains.    A.  Koch.    (Am.  Jour.  Sci., 

( 1 ),  XXXVII,  191. 192, 1839.) 
(Mastodon?)  mammoth.     Anonymous.    (  Am.  Jour.  Sci.,  ( 1 ). 

XXXVI,  198-201,  1839.) 
Mastodon,  note  of  remains  of,  and  some  other  extinct  animals, 

collected  together  in  St.  Louis,  Missouri.    W.  E.  Horner. 

( Am.  Jour.  Sci.,  ( 1 ),  XL,  5660,  1840.) 
Mastodon  remains  found  in  Jackson  county,  Missouri.     F.  A. 

Ballard.    (Kansas  City  Bev.  Soi.  and  Ind.,  in,  643  644, 

1880.) 
Mastodon  remains  in  state  of  Missouri,  together  with  evidences 

of  existence  of  man  contemporaneous  with  mastodon.     A. 

0.  Koch.    (Trans.  St.  Louis  Acad.  Sci.,  i,  61-65,  1858.) 
Mastodon  remains,  note.     W.  E.  Horner.    (  Proc.  Am.  Philos. 

Soc,  I,  279  283,  1861.) 
Mastodon  seen  at  Galena,  Missouri,  remarks  on  flue  skeleton. 

E.  Desor.    ( Proc.  Boston  Soc.  Nat.  Hist,  in,  207, 1849.) 
Mastodontoid  animals  in  collection  of  Mr.  Koch,  remarks  on 

three  papers  recently  read  to  geological  society  of  London. 

1.  Hays.     (Proc.  Am.  Philos.  Soc,  ii,  264-267,  1862.) 
Meade,  W.     Description  and  analyses  of  ores  and  lead  from 

Louisiana  [Missouri].  (American  Mineralogical  Journal, 
vol.  I,  No.  1,  4  pp.,  1810.) 
Meek,  F.  B.  Descriptions  of  new  species  of  fossils  from  Ohio 
and  western  states  and  territories.  ( Proc.  Acad.  Nat.  Sci., 
Phila.,  1871,  pp.  169.178,  Poiladelphia,  1871.)  Misaouri 
species  are  described. 
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Meek,  F.  B.  Notice  of  new  bracbiopod  from  lead-bearing 
rocks  at  Mine  la  Motte,  Missoari.  (  Proc.  Acad.  Nat.  Be!., 
Phila.,  1871,  pp.  185.188,  Philadelphia,  1871.)  Linguella 
lainborni  is  described. 

Meek,  F.  B.  Observations  on  microscopic  shell  structure  of 
Spirifer  cuspidatns,  Sowerby,  and  similar  American  forms. 
(  Proc.  Acad.  Nat.  Sci.,  Phila.,  1865,  pp.  275278,  Philadel- 
phia, 1865.)  Various  specimens  from  Missouri  are  con- 
sidered. 

Meek,  F.  B.  Report  on  Moniteau  county.  ( Missouri  Geologi- 
cal Survey,  First  and  Second  Annual  Reports,  pt.  ii,  pp. 
95- 119,  Jefferson  Oity,  1855.)  Description  of  geological 
features. 

Meek,  F.  B.  [  Reports  on  various  counties.]  ( Geological  Sur- 
vey Missouri,  1855-71,  pp.  111-188,  1  pi.,  3  maps,  Jefferson 
Oity,  1873.)  Geological  description  of  the  counties  of 
Miller,  Morgan  and  Saline. 

Meek,  F.  B.    Report  on  some  invertebrate  fossils  of  Waverly 
group  and  coal  measures  of  Ohio.    (Ohio  Geol.  Sur.,  vol. 
II,  pt.  ii.  Paleontology,  400  pp.,  1875.)    A  number  of  species^ 
which  have  been  described  from  Missouri  are  compared 
with  or  made  synonyms  of  other  species  in  the  Waverly.. 

Meek,  F.  B.,  and  A.  H.  Wortben.  Oontributions  to  paleon- 
tology of  Illinois  and  other  western  states.  ( Proc.  Acad. 
Sci.,  Phila.,  1865,  pp.  245-274,  Philadelphia,  1865.)  Missouri 
species  are  described. 

Meek,  F.  B.,  and  A.  H.  Worlhen.  Contributions  to  paleon- 
tology of  Illinois  and  other  western  states.  (  Proc.  Acad. 
Nat.  Sci.,  Phila.,  1866,  pp.  251-276, 1876)  Missouri  forms 
are  described. 

Meek,  F.  B.,  and  A.  H.  Worthen.  Descriptions  of  inverte- 
brates from  carboniferous  system.  (Illinois  Geol.  Sur.,. 
vol.  IT,  pp.  143-423,  19  pis.,  Springdeld,  1866.)  Fossils  are 
noted  from  Missouri  localities. 
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Meek,  F.  B.,  and  A.  H.  Worthen.  Descriptions  of  iaverte- 
brates  from  carboDiferoas  system.  ( Illinois  OeoL  Sar.<» 
vol.  y,  pp.  321  619,  Springfield,  1873.)  Missoari  fouile  de- 
scribed. 

Meek,  F.  B.,  and  A.  H.  Worthen.  Descriptions  of  new  crinoi- 
dea  from  carboniferons  roeks  of  Illinois  and  adjoining 
states.  (Proc.  Ac^d.  Nat  Sci.,  Phila.,  1865,  pp.  15  >- 167, 
1865.)    Fossils  from  Missoari  are  described. 

Meek,  F.  B.,  and  A.  H.  Worthen.  Descriptions  of  new  paleo- 
zoic fossils  from  Illinois  and  Iowa.  ( Proc.  Acad.  Nat.  Sci., 
Phila.,  pp.  128-149,  Philadelphia,  1861.)  Missoari  species 
are  described. 

Meek,  F.  B.,  and  A.  H.  Worthen.  D3Scriptions  of  new  spe- 
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Annotated  list  of  minerals.  G.  O.  Broadhead.  (  Missouri 
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Annual  report  of  state  geologist  for  1894.  G.  B.  Keyes. 
(Missouii  Geol.  Sur.,  yiii,  406  pp.,  1895.) 

Annual  report  of  state  geologist  of  state  of  Missouri.  D. 
Hagar.  (Twenty-sixth  Gen.  Assem.,  Beg.  Sess.,  App., 
2143,1871.) 

Areal  geology  and  its  relations  to  general  fi^eological  work, 
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Bibliography  of  geology  of  Missouri.  F.  A.  Sampson. 
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Biennial  report  of  state  geologist,  transmitted  by  bureau 
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sembly. A.  Winslow.  (  Missouri  Geol.  Sur.,  Pamphlet, 
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Biennial  report  of  state  geologist,  transmitted  by  bureau 
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Hnntington.    ( Proc.  Am.  Acad.  Ait  and  Sci.,  New 
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Kt  iv  is;:^  T4,  u  ;t^:.^4.  is;* 
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195-208,  1876.) 
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1872,  133-147,  1873.) 
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Distribution  of  titanic  oxide  upon  surface  of  earth.     F.  P. 
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Dr.  Koch's  evidence  with  re^rd  to  cotemporaneity  of 
man  and  mastodon  in  Mipsoari.  J.  D.  Dana.  ( Am. 
Jour.  Sci.,  (3),  IX,  335348,  1875.) 

Drift  formation  and  gold  in  Missouri.  O.  0.  Broadhead. 
(  Am.  Jour.  Set.,  (3),  xr,  150,  1876.) 

Essay  on  primitive  soils.  J.  F.  Ware.  ( Missouri  Agricul- 
tural Board,  Fifth  Sep.,  57  63,  1870.) 

Excursion  through  slave  states  from  Washington  on  the 
Potomac  to  the  frontier  of  Mexico.  G.  W.  Feather- 
stonhaugh.    ( One  volume,  168  pp..  New  York,  1844.) 

Explanations  of  geolpgieal  map  of  Missouri  and  a  section 
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Sci.,  XI,  1-21,  1857.) 

Exploratory  travels  through  western  territories  of  North 
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[Fifth]  report  of  progress  of  geological  survey.  G.  0.  Swal- 
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Session,  Appendix  to  Journals,  pp.  521-533,  Jefferson 
Oity,  1861.)  A  statement  of  operations  daring  the 
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sults reached  concerning  the  coal,  lead  and  iron 
deposits  and  the  soils  of  the  state.  In  the  report  the 
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First  and  second  annual  reports  of  geological  survey  of 
Missouri.  G.  0.  Swallow.  (Missouri  Geol.  Sur.,  450 
pp.,  1855.) 

Flint  chips.  G.  0.  Broadhead.  ( Kansas  City  Rev.  Sci. 
and  Ind.,  vii,  599-602,  1883) 

Formation  of  quaternary  deposits.  J.  E.  Todd.  (Mis- 
souri Geol.  Sur.,  x,  111-218, 1896.) 

Forms  and  origin  of  lead  and  zinc  deposits  of  southwest 
Missouri.  A.  Schmidt.  ( Trans.  St.  Louis  Acad.  Sci., 
Ill,  246  253,  1874.) 
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FoBsil  faanas  of  upper  devoDiaD,  Genesee  seotioD,  New 
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Illinois,  in  1839.    (26th  Gong.,  1st  8eBS.,  House  of 

Representatives,    Ex.    Doc.   No.     239,    9- 11 5,    1840.) 

Incidental  references. 
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Geologic   history  of  Missouri.    A.  Winslow.    (American 
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Mapping  of  Missoari.    A.   Winslow  and  0.  F.  Marbat. 
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O.  G.  Swallow.  (Nineteenth  Gen.  Assem.  Missonri, 
1st.  Sess.,  App.  Jonr.,  2^47-254,  1857.) 

Travels  in  interior  of  America  in  years  1809,  1810  and  1811. 
J.  Bradbnry.    ( One  volnme,  199-200, 1817.) 

Travels  to  scarce  of  Missouri  river  and  across  the  Ameri- 
can continent  to  Pacific  ocean,  performed  by  order  of 
the  gov^nment  of  the  United  States  in  the  years  1804, 
1805, and  1806.  M.  Lewis  and  W.  Glark.  (One  vol- 
nme London,  1814.) 

Ueber  das  Garbon  des  Mis^ssippithales.  G.  B.  Keyes. 
( Nenes  Jahrbnch  fnr  Min.,  Geol.  nnd  Pal.,  Jahrg, 
1896,1,96-110,  1896.) 

Unit  of  geogical  mapping  for  state  surveys.  N.  H.  Win- 
chell.    (  American  Geologist,  xi,  44-47, 1893) 

View  of  lead  mines  of  Missouri.  H.  B.  Schoolcraft.  (One 
volume,  299  pp.,  New  York,  1819.) 

Wisconsin  and  Missonri  lead  region.    J.  T.  Hodge.    (Am. 
Jour.  Sci.,  ( 1 ),  XLiii,  35-73,  1842.) 
Missouri  Geological  Survey. 

Annual  report  for  1894,  by  Gharles  B.  Keyes,  state  geolo- 
gist. ( Missonri  Geol.  Snr.,  vol.  viii,  406  pp.,  30  pis., 
1  map,  Jefferson  Gily,  1895. )  Besides  the  administra- 
tive report  which  is  included  in  the  account  of  the 
organization  and  results  of  the  survey  there  are 
appended  several  reports.  The  first  on  the  Grystal- 
line  rocks  of  Missouri,  by  Erasmus  Haworth,  is  a  des- 
cription, microscopical,  chemical,  and  physical,  of  the 
various  crystalline  rocks.  It  occupies  140  pages  and 
is  illustrated  by  30  plates.    The  Dictionary  of  alti- 
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tades,  by  O.  F.  Marbut,  is  a  compilatioD  of  all  the  rail- 
road elevatioDB  in  the  state.  They  are  adjusted  to 
lines  of  precise  leveliog.  The  Oharacteristice  of 
the  Ozark  mooDtaias,  by  0.  B.  Keyes,  is  a  description 
of  the  leading  features  of  the  uplift,  its  subdivision 
into  a  number  of  well  defined  areas  and  its  age  and 
origin.  A  general  discussion  of  the  Goal  Meaenrea 
and  associated  formations  of  the  state,  by  G.  G.  Broad- 
head,  occupies  40  pages. 

Annual  report  of  state  geologist  of  Missouri,  by  Albert  D. 
H^gar,  State  geologist.  (Tweaty-sizih  General  As- 
sembly of  Missouri,  Begular  Hessioo,  Appendix,  pp. 
21-43,  Jefferson  Gity,  1871. )  An  account  of  work 
accomplished  is  given. 

Areal  geology,  sheets  1-4.  ( Missouri  Geological  Survey^ 
vol.  IX,  408  pp.,  4  maps,  Jefferson  Gity,  1892-6.)  This 
contains  an  introductory  chapter  on  areal  geology  and 
its  relations  to  general  geological  work,  by  Gharles  B. 
Keyes,  state  geologist,  and  four  areal  reports  as  follows : 
Beport  on  Higginsville  sheet,  Lafayette  county, 
accompanied  by  a  geological  and  topographical  map 
and  a  sheet  of  sections,  by  Arthur  Winslow.  Forms 
sheet  report  No.  J,  100  pp.,  1  folio  map  and  plates. 
Gontents:  Introduction,  including  area,  railways,  towns, 
and  industritss ;  physiography,  including  topography, 
hydrography,  soils  and  forestry ;  geology,  including 
strati  graphic,  structural  and  economic  geology,  the 
latter  embracing  coal,  building  stones,  clays  and  shales. 
Beport  on  Bevier  sheet,  including  portions  of 
Macon,  Bandolph  and  Ghariton  counties,  by  G.  H. 
Gordon ;  with  contributions  by  J.  E.  Todd  and  H.  A. 
Wheeler.  Forms  sheet  report  No.  2,  85  pp.,  1  folio 
map.  Gontents :  Introduction,  including  topography, 
hydrography,  soils,  forestry ;  geology,  including  strati- 
graphic,  structural  and  economic  geology,  the  latter 
embracing  coal,  tiuilding  stones,  clays  and  shales. 
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Keport  OD  Iron  MoantaiD  sheet,  iDclading  portions 
of  Iron,  St.  Francois  and  Madison  counties,  by  Arthur 
Winslow,  £ra8mas  Haworth  and  Frank  L.  Nason. 
Forms  sheet  report  No.  3,  97  pp.,  5  pis.  and  1  folio 
map.  Contents:  iQtrodactioD,  including  area,  rail- 
ways, towns,  industries;  physiography,  including  to- 
pography, hydrography,  soils  and  forestry;  geology, 
including  the  Archean  rocks,  the  Algonkian  rocks, 
the  Paleozoic  rocks,  dynamical  and  economic  geology, 
the  latter  embracing  iron  ores,  building  stones,  clays, 
sands  and  lead  ores. 

Report  on  the  Mine  la  Motte  sheet,  including  por- 
tions of  Madison,  St.  Francois  and  Ste.  Genevieve 
counties,  by  Charles  R.  Keyes.  Forms  sheet  report 
No.  4,  132  pp.,  1  folio  map  and  15  plates.  Contents: 
introduction,  physiography,  stratigraphy,  geological 
structure,  and  accounts  of  the  deposits  of  lead,  iron, 
copper,  magnesia,  nickel,  cobalt,  silver,  building  stones, 
clays,  lime-burning  rocks,  sands  and  minerals  not 
mined  ;  also  of  the  soils,  waters  and  water  powers  and 
forestry. 

Bibliography  of  geology  of  Missouri,  by  F.  A.  Sampson. 
(Missouri  Geological  Survey,  A.  Winslow,  state  geo- 
logist. Bull.  2,  158  pp.,  Jefferson  City,  1890.)  A  pre- 
liminary list  of  publications  pertaining  to  the  geology 
of  Missouri. 

Biennial  report  of  slate  geologist,  transmitted  by  the  bureau 
of  geology  and  mines  to  the  thirty-sixth  general  assem- 
bly, by  Arthur  Winslow,  state  geologist.  (Missouri 
Geol.  Sur.,  Pamplet,  53  pp,  Jefferson  City,  1890.)  Con- 
sists of  an  historical  sketch  of  the  progress  of  geologi- 
cal work  in  the  state,  and  of  a  report  of  the  progress. 

Biennial  report  of  state  geologist,  transmitted  by  the 
bureau  of  geology  and  mines  to  the  thirty-seventh 
general  assembly,  by  Arthur  Winslow,  state  geologist. 
(Missouri   Geol.    Sur.,    Pamphlet,  37   pp.,   2  plates. 
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Jefferson  Oity,  1893)    GoDBists  of  admiDistrative  re- 
port of  the  work  of  the  present  survey  to  date. 

Biennial  report  of  state  geologist,  transmitted  by  the 
barean  of  geology  and  minep,  by  Charles  B.  Keyes, 
state  geologist.  ( Missoori  Oeol.  Snr.,  Pamphlet,  60 
pp.,  Jefferson  Oity,  J  895.)  Gives  a  fall  acconnt  of  the 
organization  of  the  survey  and  the  scope  of  its  work. 
It  inclades  the  report  of  progress  dnring  the  years 
J  893  1894. 

Descriptions  of  lower  carboniferoas  crinoids  from  Mis- 
souri, by  S.  A.  Miller.  (  Missouri  Geological  Survey, 
A.  Wioslow,  state  geologist,  Bull.  4, 40  pp.,  5  pis.,  Jeffer- 
son Oity,  1891.)  New  species  are  described  and  figured. 

[Fifth]  report  of  progress  of  geological  survey,  by  G.  C. 
Swallow,  state  geologist.  (Twenty-first  general  as- 
sembly of  Missoori,  1st  session.  Jour.  App.,  pp.  521- 
533,  Jefferson  Oity,  1861.)  A  statement  of  operations 
dnring  the  years  1859  and  1860,  with  a  brief  reference 
to  the  results  reached  concerning  the  coal,  lead  and 
iron  deposits  and  the  soils  of  the  state.  In  the  report 
the  results  of  the  survey  to  that  time  are  given  in 
tabular  form. 

First  and  second  annual  reports  of  the  geological  survey 
of  Missouri,  by  G.  0.  Swallow, state  geologist.  (Mis- 
souri Geological  Survey,  450  pp.,  20  pis.,  5  maps,  Jef- 
ferson City,  1855.)  Contents:  First  Annual  Beport, 
Administrative.  Second  Annual  Beport:  Introduc- 
tion. Part  I,  Chapter  I :  Geology  of  Mirsouri,  by  G. 
C.  Swallow.  Chapter  II :  Economical  Geology — Soils. 
Chapter  III :  Beport  on  Marion  county.  Chapter  IV : 
Beport  on  Cooper  county.  Chapter  V:  Geology  of 
the  Southwest.  All  preceding  by  G.  C.  Swallow. 
Part  II :  Beport  on  Lead  Mines  and  Mining  of  South- 
east Missouri,  in  the  counties  of  Franklin,  Jefferson, 
Washington,  St.  Francois  and  Madison,  by  A.  Litton. 
Beport  on  Moniteau  county,  by  F.  B.  Meek.    Descrip- 
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tioDS  of  the  formations  aloDg  the  Haanibal  and  St. 
Joseph  Railroad,  with  a  catalogue  of  fossiJs  collected, 
by  F.  Hawn.  OeologicaL  Section  on  the  Mississippi 
river ;  report  on  Franklin  county ;  report  on  St.  Louis 
county ;  Paleontology,  Including  a  description  of  48 
new  species  of  fossils,  with  three  plates  of  same,  all 
6.  F.  Shumard.  Appendix  contains  a  list  of  publica- 
tions previously  made  relating  to  the  geology  of  Mis- 
souri ;  a  paper  on  the  use  of  fossils ;  a  catalogue  of 
the  fossils  of  Missouri;  list  of  trees  and  shrubs  ;  and 
a  glossary  of  geological  and  other  scientific  terms. 

[  Fourth  ]  report  of  progress  of  geological  survey,  by  O. 
0.  Swallow,  state  geologist.  (Twentieth  General  As- 
sembly of  Missouri,  1st  Session,  Appendix  to  Journals^ 
pp.  97-106,  Jefferson  Oity,  1850)  A  short  account  of 
woik  done. 

Geological  report  of  country  along  the  line  of  the  south- 
western branch  of  Pacific  railroad,  state  of  Missouri^ 
by  G.  O.  Swallow,  state  geologist.  ( Pamphlet,  99  pp., 
several  plates  and  map,  St,  Louis,  1859.)  A  general 
account  of  the  resources  along  the  line  of  the  railroad. 
A  somewhat  fuller  report  was  published  by  the  Pacific 
railroad  company  in  New  York. 

Geological  survey  of  Missouri,  bulletin  No.  1.  (  Missouri 
Geological  Survey,  A.  Winslow,  state  geologist,  Bull. 
No.  1, 85  pp.,  JefiPerson  Oity,  1890.)  Contents :  Admin- 
istrative report,  and  coal  beds  of  Lafayette  county^ 
by  Arthur  Winslow ;  Building  stones  and  clays  of 
Iron,  St.  Francois  and  Madison  counties,  by  G.  E. 
Ladd ;  Mineral  waters  of  Saline  county,  by  A.  E. 
Woodward;  and  a  preliminary  catalogue  of  the  fossils 
occurring  in  Missouri,  by  G.  Hambach. 

Geological  survey  of  Missouri,  bulletin  3.  (  Missouri  Geo- 
logical Survey,  A.  Winslow,  state  geologist,  Bull.  No.  3, 
101  pp.,  Jefferson  City,  1890.)  Contents:  Clay,  stone^ 
lime  and  sand  industries  of  St.  Louis  city  and  county, 
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bj  6.  E.  Lutd ;  and  minenl  vaten  of  Henry,  St.  Clair, 
Johnson  and  Newton  coanties,  by  A.  B.  Woodvard. 

Geological  sarrey  of  Missonri,  balleCin  5.  (MiMoori  Geo- 
logical  sarrey,  A.  Winalow,  state  geologist,  BolL  5.  S6 
p|K«  5  plates,  Jefferson  City.  1891.)  Contents :  Age  and 
origin  of  the  crystalline  rocks  of  Missoori,  by 
ErasoBus  Haworth ;  Xotes  on  the  clays  and  bofldinir 
stones  of  certain  vestem  central  counties  tribatary  to 
Ksnsas  City,  by  G.  E.  Lidd. 

Indastrial  report  on  lead,  zinc  and  iron,  together  vitli 
notes  on  Shannon  coanty  and  its  copper  deposita.  by 
Charles  P.  Wllliaotf .  acting  stats  geologist,  f  ICaaoui 
Geological  Sorrey,  pp.  177,  Jefferson  City.  1877.j 
Chapter  I  treats  of  the  miaerslogy  aad  Betallargy  of 
lead.  The  second  part  is  on  the  zinc  iadmstiy.  Tke 
third  section  is  deroted  to  the  iron  iadastry,  with 
special  i^feteaee  to  the  Bsamlsetare  of  ^areoal  iroa. 
A  foar«h  part  describes  Shannon  coaaiy  aad  its  cop- 
per deposiiiL  Appendix  A  coMpiiaes  lead  aad  zinc 
sutistlcs.  Appendix  B  is  a  note  an  the  occnrreaee 
of  gold  in  Bortk  Missonri. 

L-*ad  and  zlnr  deposii^  by  Arthvr  Onslow,  assisted  by  J. 
D.  Robensoa.  Mimionrl  Geojogical  Sarrey.  C.  R. 
KeT^es.  sia:e  ge^jc^c^-  ^^  "^^  ^^  PT-  ^-  plaias.  Jef- 
ferson C:Ty.  l^K^.  Tbis  TaLm?>e  fsrm  the  trat  kalf  of 
The  i^pon  wh>eh  is  diT^deid  into  three  pans.  The 
tn^:  pMtHa  o^xiaiiks  as  kifcoine^  sketeh  of  the 
Ti^eraliL  sad  s  smsmsrr  ^  whsi  ^  known  of  them  in 
al!  oiix:rje$  \Nf  :W  g>>e.  FsrSM^alar  aoention  is 
{::r^x  :<^  :he  ^.Mic  aa>i  5zs.-c  7«r4^£ncrng  datcnecs  of  Kortk 
AxMc^c-a  w  ;1  w^?ci  ite  Mtfti^eizrl  pnihdncs  is  bironght 
.r:,'^  c%>v^e'::r««M.  A  cha:>:er  i»  aM>  ter-^teid  to  the 
Tr^"A.'c^C^  ^!  :be  iM*7aJtfc  azrc  .be  Taz^iwns  pmscieases 
ar*  ie-jtcr  b<*c  v,.i  $itff»r!?ex:  iii^r:e3ie»  f«r  all  praeti- 
.-^  ^£r7vt$><^     OvM»mii»  &S>»  »f  liie  ^Kanofs  in  the 
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United  States  are  also  giveii  in  this  oonnection,  to- 
gether with  the  prices. 

The  second  section  outlines  the  history  of  mining 
in  Missouri,  and  the  general  geology  of  the  southern 
half  of  the  state.  The  development  of  the  mining  in 
the  state  is  traced  from  the  time  of  the  earliest  explora- 
tions. The  physical  characters  of  the  lead  and  zhic 
regions  are  described  at  length.  The  geological  forma- 
tions containing  the  metals  under  consideration  are 
referred  to  in  a  general  way,  and  considerable  detail 
entered  into  in  the  case  of  the  most  important  locali- 
ties. The  lithological  differences  are  compared  and 
some  of  the  salient  structural  features  pointed  out. 
Under  ore  deposits  is  a  full  consideration  of  the  dis- 
tribution, the  form,  structure  and  composition  of  the 
ore  bodies,  their  manner  of  formation  and  the  origin 
of  metalliferous  veins.  Ooncerning  the  latter  topic, 
the  various  theories  are  set  forth  and  their  application 
to  Missouri  deposits  clearly  given.  Smelting  and  man- 
ufacturing receive  the  attention  they  demand,  and  full 
statistics  are  given  regarding  the  production  of  the 
two  metals  in  Missouri,  the  prices  received  from  year 
to  year,  and  the  total  output  of  the  various  counties. 
The  third  part  is  an  account  of  the  Missouri  mines, 
with  a  systematic  and  detailed  description  of  the  im- 
portant developments  and  occurrences  of  lead  and 
zinc.  Three  districts  are  recognized :  the  southeast- 
ern, the  central  and  the  southwestern.  Here  is  incor- 
porated all  the  detailed  information  concerning  the 
varioQS  camps.  Many  of  these  are  mapped  and  the 
workings  of  typical  individual  mines  plotted. 
Lead  and  zinc  deposits,  by  Arthur  Winslow,  assisted  by 
J.  D.  Robertson.  (Missouri  Geological  Survey, 
Oharles  B.  Eeyes,  state  geologist,  vol.  vii,  401  pp., 
28  plates,  3  maps,  Jefferson  Oity,  1894. )  Forms  the 
second  section  of  the  report.    Contains :  Ohapter  X, 
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general  geology.    Chapter  XI,  geological  history  of 
sontherD  Missoari.    Chapter  XII,  'general  discassion 
and  description  of  ore  deposits.    Chapter  XIII,  iadas- 
tries  and  statistics  of  lead  and  zinc  in  Missonri.     Chap- 
ter XIV,  mines  of  the  southwestern  district.    Chapter 
XV,  mines  of  the  southeastern  district.    Chapter  XVI 
mines   of  the  central    district.     Appendix  A,    Stady 
of  cherts  of  Missouri ;  by  E.  O.  Hovey.    Appendix 
B,  Methods  of  analysis,  by  J.  D.  Robertson. 
Paleontology  of  Missouri,  by  Charles  B.  Keyes,  state  geo- 
legist    ( Missouri  Geological  Survey,  vol.  iv,  pp.  314, 
32  plates,  1  map,  Jefferson  City,  1894.)    Contents: 
Chapter  I  introduction,  which  is  a  discussion  and  ex- 
planation of  the  economic  value  of  fossils.    Chapter 
II  is  a  sketch  of  Missouri  stratigraphy,  in  which  all 
the  information  concerning  the  rooks  is  summarized » 
Chapter  III  deals  with  the  biological  relations  of  fos- 
sils ;  a  classification  of  the  animal  kingdom  is  also 
given.    Chapter  IV   considers  the    protozoans  and 
sponges.    Chapter  V  describes  the  hydrozoids  and 
corals.    Chapter  VI  takes  up  the  echinoids  and  aster- 
oids.   Chapter  VII  records  the  cystids  and  blastoids* 
Chapter  VIII  gives  a  full  account  of  the  crinoids. 
Chapter  IX  notes  the  worms  and  crustaceans.    The 
appendix  is  a  stratigraphic  catalogue  of  Missouri  fos- 
sils. 

The  intent  is  to  present  in  as  comprehensive  an 
account  as  possible  ( 1)  an  index  to  the  fossils  of  the 
state,  through  means  of  which  forms  now  known  to 
occur  within  the  limits  of  the  region  under  consider- 
ation may  be  recognized  readily  without  recourse  to 
great  libraries  ;  (  2 )  a  list  of  the  works  pertaining  to 
Missouri  fossils,  in  which  is  brought  together  all  that 
has  been  written  on  the  subject,  which  is  now  widely 
scattered  and  practically  inaccessible ;  ( 3 )  a  concise 
summary  of  all  that  has  been  done  up  to  the  present 


BIBLIOGRAPHY.  417 

Missouri  Geological  Survey,  contin.ued — 

time  io  this  branch  of  Bcience  so  far  as  it  pertains  to 
the  state;  and  (4)  a  guide  to  a  more  comprehensive 
study  involving  the  solution  of  problems,  now  more 
or  less  obscure,  concerning  the  arrangement  and  re- 
lations of  the  various  strata.  It  is  a  handbook  of  the 
fossils  of  the  state.  The  general  plan  of  treatment  of 
the  different  species  enumerated  has  been  to  give 
under  each  a  more  or  less  complete  bibliography,  by 
reference  to  which  additional  information  or  good 
illustrations  of  the  forms  not  here  figured  may  be 
found.  In  the  diagnoses  it  has  been  the  aim  to  give 
a  rather  full  description  of  some  leading  representa* 
tive  of  each  genus,  accompanied  by  a  suitable  figure 
and  to  make  the  sketches  of  the  other  members  of  the- 
group  brief  and  in  a  great  measure,  comparative- 
By  this  way  of  dealing  with  the  subject  it  is  thought 
that  the  characteiizations  of  all  the  species  will  be 
sufllciently  ample  for  intelligent  comprehension,  and 
for  the  particular  uses  to  which  the  work  will  be  put.. 
The  horizon  and  some  of  the  leading  localities  of  each 
species  are  also  given.  The  matter  of  localization  has 
had  to  be  rather  general,  allusions  being  made  to  the 
nearest  post-office  usually,  or  in  a  few  instances  as- 
where  the  fossils  are  common  and  the  distribution 
wide,  merely  the  county. 
Paleontology  of  Missouri,  by  Charles  B.  Keyes.  state  geo- 
logist. (Missouri  Geoloical  Survey,  vol.  v,  320  pp., 
14  plates,  Jefferson  City,  1894.)  This  forms  part 
second  of  the  report  on  fossils.  The  first  chapter, 
which  is  X  of  the  whole  work,  treats  of  the  polyzoans. 
Chapter  XI  deals  with  the  brachiopods.  Chapter  XII 
considers  the  lamellibranchs.  Chapter  XIII  describes 
the  gasteropods.  Chapter  XIV  discusses  the  ceph- 
alopods.    Chapter  XY  lists  the   vertebrates.      The 
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appendix  is  a  syaooymic  indexioal  list  of  the  fossils 
of  the  state. 

Prelimioary  report  on  coal  deposits  of  Missouri,  from  field 
work  prosecuted  dariog  the  years  1890  and  1891,  by 
Arthur   Winslow,  state  geologist.     ( Missoari    Geo- 
logical Survey,  vol.  i,  227  pp.,  L  map,  JeffersoD  Oily, 
1891.)     Oonteuts:   Chapter  I,  coal   measures,    their 
distribution,  topography,  lithology,  stratigraphy,  and 
the   process  of  deposition.    Chapter  II,  coal    beds, 
their  distribution  and  character;  the  conditloos  re- 
stricting distribution  and  availability.    Chapter   III, 
coal  industry,  the  coal  production  and  market;  the 
uses  aud  adaptabilities  of  the  coals;  the  available 
coal   tonnage  and  the  value  of  coal  and  coal  lands. 
Chapter  IV,  a  systematic  description  by  counties,  of 
coal    beds    now    operated,    including    57   counties. 
Appendix  A,  notes  on  coal  mining  in  thin  coal  beds. 
Appendix  B,  list  of  coal  operators  of  Missouri. 

Preliminary  report  on  iron  ores  and  coal  fields,  from  field 
work  of  1872,  by  R.  Pumpeliy,  state  geologist.  (  Mis- 
souri Qeological  Survey,  I  vol.,  670  pp.,  and  atlas.  New 
York,  1873.)  Contains:  Part  I:  Chapter  I,  notes  oo 
the  geology  of  Pilot  Knob  and  its  vicinity,  by  Raphael 
Pumpeliy.  Chapter  II,  analyses  of  fuels,  by  Regis 
Chauveuet ;  and  analyses  of  iron  ores  and  pig-iron,  by 
A.  O.  Blair.  Chapters  III  to  V,  iron  ores  of  Missouri, 
by  Adolf  Schmidt.  The  general  distribution,  descrip- 
tion, mode  of  occurrence  and  list  of  deposits  are  given. 
Part  11 :  Chapters  I  to  VI,  coal  fields,  by  G.  C.  Broad- 
head.  Chapters  VII  and  VIII  by  W.  B.  Potter. 
Chapters  IX  to  XV,  geology  of  Livingston,  Clay, 
Platte,  Buchanan,  Holt,  Atchison  and  Nodaway  coun- 
ties. Appendix  A,  strength  of  building  material,  by  C. 
A.  Smith.  Appendix  B,  notes  on  rocks  of  Missouri  as 
admit  of  a  fine  polish,  by  G.  C.  Broadhead.  Appendix 
O,  list  of  fossils  of  the  coal  measures,  by  C.  J.  Norwood. 
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Report  of  geological  survey  of  ^state  of  MisBoari,  inclad- 
iDg  field  work  of  18731874,  by  O.  0.  Broadhead,  state 
geologist.  (Missonri  Oeological  Survey,  vol.  i,  734 
pp.,  27  plates,  and  atlas,  Jefferson  Oity,  1874.)  Con- 
tents: Chapters  I  and  II  contain  an  historical  intro- 
duction to  the  general  geology  of  the  state.  Chapters 
III,  IV  and  V  treat  in  a  general  way,  of  caves  and 
water  sapply,  and  of  soils  and  timber,  and  the  min- 
erals of  the  state.  Chapter  YI  contains  remarks  on 
the  southwest  coal  field,  and  is  accompanied  by  a  gen- 
eral section.  Chapters  YII  to  XXI,  inclusive,  are  re- 
ports on  Cedar,  Jasper,  Barton,  Vernon,  Bates,  How- 
ard, Ballivan,  Adair,  Linn,  Putnam,  Schuyler,  Andrew, 
Daviess,  Cole  and  Madison  counties,  all  by  O.  C. 
Broadhead.  Chapters  XXII  to  XXVIII  constitute  a 
report  on  the  lead  region  of  southwest  Missonri  in 
which  the  general  characteristics  of  the  region  and 
its  ores  are  given,  together  with  a  description  of  a 
number  of  its  deposits,  by  A.  Schmidt.  Chapters 
XXIX  to  XXXII  treat  isimilarly  of  the  lead  deposits 
of  central  Missouri,  also  by  A.  Schmidt.  Chapter 
XXXIII  contains  rules  for  the  development  of  iron 
ore  deposits  and  notes  on  the  metallurgical  properties 
of  Missonri  iron  ores,  by  A.  Schmidt.  Chapter  XXXIV 
is  on  the  lead  region  of  southeast  Missouri,  by  J.  B. 
Oage.  Chapter  XXXV  is  on  the  iron  ore  of  the  same 
region,  by  P.  N.  Moore.  Appendices  A,  B,  C  and  I» 
are  brief  papers  on  the  ''  History  of  lead  mining  in 
Missouri,"  on  '^  Lead  mines  in  Upper  Louisiana,"  on 
'^Metallic  Statistics"  and  on  ''Mineral  Springs  of  Mis- 
souri." Appendix  E  contains  results  of  analyses  of 
ores,  fuels  and  minerals. 
Reports  on  geological  survey  of  state  of  Missouri,  1855- 
1871.  (  Missouri  Geological  Survey,  1855-71,  B.  Pam- 
pelly,  state  geologist,  324  pp.,  3  pis.,  9  maps,  Jefferson 
City,  1873.)    Contains  reports  by  O.  C.  Broadhead  on 
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Maries,  Osage,  Warren,  Shelby,  Macon  and  Randolph 
oounties ;  by  F.  B.  Meek,  on  Miller,  Morgan  and  Saline 
ooanties ;  and  by  B.  F.  Shamard,  on  Ozark,  Doaglas, 
Wright,  Laolede,  Palaski,  Phelps,   Orawford,    Cape 
Oirardeaa,  Perry,  Ste.  Genevieve,  Jefferson  and  Clark 
oounties. 
Report  on  iron  ores  of  Missoari,  from  field  work  proseoated 
«luring  the  years  1891  and  1802,  by  Frank  L.  Naeon. 
( Missoari  Geological  Survey,  A.  Winslow,  state  geolo- 
gist«  vol.  ii«  393  pp.,  1  map«  Jefferson   City,   1892.  > 
Contents:    Chapter    I,    introduction,  ores    of    iron. 
Chapter  1I«  iron  ores  of  Missouri.    Chapter  III,  spec- 
ular  on»s  of  the  porphyry  region.    Chapter  IV,  red 
hematites  of  Missouri.    Chapter  V«  general  geology 
of  the  Oiark  uplift.    Chapter  TI,  specular  ores  of 
the  sandstone  region.    Chapter  VI  I,  limonite  ores. 
Chapter  VUI,  introduction  to  part  ii.    Chapter  IX^ 
si^eoalar  ores  in  saadstooew     Chapter  X,  liBonites. 
Chapter  \t«  red  heauiti;es.    Appendix  A,  iron  de- 
I^NMts  of  uortheastera  ArkaatsML    Appendix  B.  his- 
twrivtftl  aad  statist:  eal  sketch  of  the  iron  iadmstry  of 
>list^>atu 

W  parfsMii^  U  :o  es:a^^ij»^  dfscnc»  ia  vkiek  iron 
l^^^s  are  »^w^:  abax4aaL;«  ri^  asi^K':aLl  ^W  exact  cter- 
acv^c  ^  :h«  ^fsM^:$^  ^.2  oc^^^c  :lhis  pioM^e^cia^  aay 
Nt^  %JKNti^  '3:  :!be  3t%^($^  .2:«k1:^L>l^  w^i^^aaii  :»  i&KefBiae 
>»  Wc^c  ^  1^:  :2l^  c^o^ti^KU  ar>^  :^T\KadrJje  i»  the  es- 
;^il>k^{$>l^t<l:  ,^^  :%A.*aL  $iiMi::iiC  ▼xicn.  T!i*  !«Maa::f44E  oif 
^/cv  i^^^^MiV!^  TfiMocis  >*/v^v^Hr.  3i*ii:«^  ^aaa  diit  iiiKe  ix- 

.  )<^  /ifti:^  co^a:'  i»  n  K  vi«*  ^^fSL  xiifw  iia»  J«wa  1^  ?iicxu 

<A       V^^  /a«''.*\ra]i^  ir    i«j    unwc^?tcitia  iia»  '^tMn  ::^ 
^«.v«ittiatftt:^a   /f  '.M«»    r*ia   v^c^   AHNiiit3»  jl  ikr7-:3c«« 
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eral  extent  of  iron  ores  in  the  various  districts,  an  in- 
qairy  into  their  origin,  an  oatlining  of  the  general 
conditions  of  their  distribution,  a  consideration  of  the 
qualities  of  the  various  ores,  for  which  purpose  a 
number  of  samples  were  collected,  of  which  chemical 
analyses  were  made. 
Keport  on  mineral  waters  of  Missouri,  by  Paul  Schweitzer, 
embodying  also  the  notes  and  results  of  analyses  of 
A.  E.  Woodward,  from  field  and  laboratory  work  con- 
ducted during  the  years  1890  and  1892.  (Missouri 
Geological  Survey,  A.  Winslow,  state  geologist,  vol. 
Ill,  283  pp.,  45  pis,  1  map,  Jefferson  Oity,  1892.)  Con- 
tents :  Chapter  I,  origin  of  mineral  waters.  Chapter 
II,  analysis  and  composition  of  mineral  waters.  Chap- 
ter III,  therapeutics  of  mineral  waters.  Chapter  IV, 
mineral  waters  of  the  state.  Chapter  V,  muriatic 
waters  or  brines.  Chapter  YI,  alkaline  waters.  Chap- 
ter YII,  sulphatic  waters.  Chapter  YIII,  chalybeate 
waters.  Chapter  IX,  sulphur  waters.  Chapter  X, 
European  and  Missouri  mineral  waters  compared. 
Appendix  A,  relation  between  grams  per  litre  and 
grains  per  gallon.  Appendix  B,  additional  analyses 
of  Missouri  mineral  waters.  Appendix  C,  bibliography 
of  mineral  waters. 

The  investigation  and  the  preparation  of  this  re- 
port were  undertaken  principally  for  the  following 
reasons :  ( 1 )  to  determine  the  composition  and  char- 
acter of  the  waters  and  their  values  as  compared  with 
other  waters  which  had  acknowledged  medicinal  vir- 
tues ;  ( 2 )  to  furnish  an  exact  and  full  statement  of  the 
results  reached,  particularly  for  use  of  physicians ; 

(3)  to  supply  certain  suggestions  for  the  guidance  of 
the  citizens  of  the  state  in  the  use  of  these  waters ; 

( 4 )  to  make  the  fact  of  the  evidence  of  these  waters 
authoritatively  and  widely  known  with  the  object  of 
interesting  others  in  developments  and  improvements 
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nt  tb«  iWfTereui  localities.  The  reaiilU  of  the  iAqairy 
bave  bfeu  to  give  a  fall  explanation  of  the  origin, 
coiDpoAftfoD  ftod  therapeatics  of  the  Tariooa  mineral 
waHfm;  to  df»co8»  the  different  kinds  foand  within 
the  limits  of  the  state,  and  to  describe  fally  all  the 
springs  and  wells. 

Iteport  to  board  of  corators  concerning  tranefer  of  geo- 
logical snrvey  to  the  school  of  mines,  by  Charlea  P. 
Williams,  acting  state  geologist.  (  Missoari  State  Uni- 
vfirsity,  Iteport  for  1876,  pp.  213-216,  Jefferson  City, 
1H77.)  A  brief  statement  is  given  of  the  work  exe- 
cuted daring  the  year. 

Hurfkce  features  and  bibliography.    (Missoari  Geological 
Hurvoy,  (Iharles  B.  Keyes,  state  geologist,  voL  x,  500 
pp.,  T2  plates,  Jefferson  Oity,  1896.)    There  are  three 
papers.    The  first  is  on  the  Physical  Feature  of  Mis- 
souri by  Curtis  Fletcher  Marbut,  in  which  the  geo- 
graphic development  of  the  state  is  carefully  and  fnlly 
traced  aud  the  various  attendant  phenomena  are  de- 
Horibed.    The  second  report  is  on  the  Formation  of 
the  Quaternary  Deposits  by  James  E.  Todd,  in  which 
the  mantle  of  glacial  debris  which  covers  the  north- 
ern half  of  the  state  is  considered  and  the  distribo- 
tion  of  the  different  deposits  described.    The  third 
part  is  a  lUbliography  of  Missouri  Geology*  by  Charlea 
K.  Keyes^  aud  is  essentially  a  dictionary  catalogue  of 
the  publications  relating  to  the  geology  of  the  state. 

[  Third  |  report  of  geological  survey  of  Missoari.    [  Xine- 

teeuth  iveueral  Assembly  of  Missoari*  1st  Seaaton^ 

Appendix  to  Journals*   pp*   247'25l,  Jeffterson  City* 

IS^^i.^     A  brief  statement  of  operations^ 

Mi^ikouri  ir\^u  ores  of  carboniferous  age.    G.  C.  Broadhe^. 

V  Kansas  Vliy  Kev.  ^m.  and  lad,  u  <^oO^  1577.) 
iaaout  i :   it^  mineral  resourves.     G.  C.  BrottdheaiL     :  C*  S. 

^.Vmmissiouer  of  Statistics,  Ki^pt.  L;$99*  Ml  4^  1300.) 


BIBLIOGBAPHT.  423 

Missouri  lead  and  zIdc  deposits.    A.  Winslow.    (Trans.  Am. 

Inst.  Min.  Eng.,  xxiv,  634-689, 1895.) 
Missouri  lead  and  zinc  deposits.    J.  D.  Bobertson.    (  Ameri- 
can Geologist,  XV,  235-248,  1895.) 
Missouri  river.    G.  G.  Broadhead.    (  American  Geologist,  iv, 

148151,  1889.) 
Missouri  river,  daring  post-pliocene,  annual  deposit.    J.  E. 

Todd.    (  Proc.  Am.  As.  Adv.  8ci.,  xxvi,  289-294, 1877.) 
Missouri  river,  travels  to  source  of,  and  across  the  American 
continent  to  Pacific  ocean,  performed  by   order  of  the 
government  of  the  United  States  in  the  years  1804,  1805 
and  1806.    M.  Lewis  and  W.  Clark.    ( London,  1814.) 
Missouri  soils.    G.  0.  Swallow.    ( Missouri  Board  Agriculture, 

Fifteenth  Rep.,  1880  1,  277-281,  1881.) 
Missourium,  Dr.  Koch'«.    P.  E.  Hoy.    (American  Naturalist, 

V,  157,  1871.) 
Missourium  kochii,  remarks.     P.  B.  Goddard.    (  Proc.  Acad. 

Nat.  Scl,,  Phila.,  i,  115-116,  1841.) 
Moliusks.    ( See  ccpbalopods,  also  gasteropods,  and  lamelli- 

branchs.) 
Moniteau  County. 

Descriptioris  of  invertebrates  from  carboniferous  system. 
F.  B.  Meek  and  A.  H.  Worthen.  ( Illinois  Geol.  Sur., 
II,  143423,  1866.) 
Descriptions  of  new  fossils  from  carboniferous  and  de- 
vonian of  Missouri.  G.  0.  Swallow.  (Trans.  St. 
Louis  Acad.  Sei.,  i,  635-651, 1860.) 
Dictionary  of  altitudes.    0.  F.  Marbut.    ( Missouri  Geol. 

Sur.,  VIII,  2i6  316,  1895.) 
Formation  of  quaternary  deposits.    J.  E.  Todd.    (Missouri 

Geol.  Sur.,  x,  111-219, 1896.) 
Lead  and  and  zinc  deposits.    A.   Winslow.    (Missouri 

Geol.  Sur.,  vii,  401  pp.,  1895.) 
Lead  region  of  central  Missouri.     A.  Schmidt.     ( Geol. 
Sur.  Missouri,  Rep.  1873  74,  i,  503  577,  1874.) 
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Newberria,    a    Dew  genas    of    brachiopods.      J.     Hall. 

(Tenth  Ann.  Kept.  State  Geologist  New  York,  91-98, 

1891.) 

Report  on  geology.    F.  B.  Meek.    (  Missonri  Geo!.  Sar., 

l6t  and  2nd  Aon.  Bepte.,  pt.  ii,  95  119, 1855.) 

Moniteau  connty,  report.    F.  B.  Meek.     ( Missouri  €^ol.  Snr., 

1st  and  2nd  Ann.  Bepts.,  pt.  li,  95119,  1855.) 
Monroe  County. 

Goal  beds.    A.  Winslow.    (  Missouri  Geol.  Bur.,  i,  84*86, 

1891.) 
Descriptions  of  new  fossils  from  carboniferous  and  de- 
vonian of  Missouri.      G.  0.   Swallow.      (Trans.   St. 

Louis  Acad.  Sci.,  i,  635-651,  1860.) 
Descriptions  of  some  new  fossils  from  carboniferous  and 

devonian  rocks  of  Missouri.    G.  0.  Swallow.    (Trans. 

St.  Louis  Acad.  Sci.,  ii,  8M01,  1863.) 
Dictionary  of  altitudes.    0.  F.  Marbut.    (Missouri  Geol. 

Sur.,  VIII,  225-316,  1895.) 
Mineral  waters.    P.  Schweitzer.    ( Missouri  Geol.  Sur.,  iii, 

283  pp.,  1892.) 
Montgomery  County. 

Goal  beds.    A.   Winslow.    ( Missouri  Geol.   Sur.,  i,  97, 

189L) 

Descriptions  of  new  fossils  from  carboniferous  and  de- 
vonian of  Missouri.  G.  G.  Swallow.  (Trans.  St. 
Louis  Acad.  Sci.,  i,  635-651,  1860.) 

Dictionary  of  altitudes.  C.  F.  Marbut.  ( Missouri  Geol. 
Sur.,  viir,  225-316,  1895.) 

Formation  of  quaternary  deposits.  J.  E.  Todd.  ( Missouri 
Geol.,  Sur.,  x,  111-219,  1896.) 

Iron  ores.     F.  L.  Nason.    ( Missouri  Geol.  Sur.,  ii,  225-226, 
1892.) 
Moore,  P.  N.    Iron  ores  of  southeastern  Missouri.    (  Geol.  Sur. 

Missouri,  1873-74,  vol.  I,  pp.  638-671,  Jefferson  City,  1874.) 

A  description  of  the  various  mines. 
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Morasses  of  United  States,  general  account  of  firesh-water. 
N.  8.  Shaler.     ( U.  8.  Oeol.  Sar.,  10th  Ann.  Bep.,  255-339, 
1890.) 
Morgan  County, 

Barite  crystals  from  Last  Ohance  mine,  Morgan  ooanty, 

Missouri ;  and  geothite  from  Adair  county,  Missouri. 

G.  0.  Broadhead.    ( Am.  Jour.  Sci.,  ( 3 ),  xiii,  419-420, 

1877.) 
Oherts  of  Missouri.    E.  O.  Hovey.    ( Missouri  Oeol.  Sur., 

VII,  727-739,  1894.) 
Dictionary  of  altitudes.    G.  F.  Marbut.    ( Missouri  Geol. 

Sur.,  VIII,  225316,  1895.) 
Geological  description.     F.  B.  Meek.     ( Geol.  Sur.  Mis- 
souri, 1855-71,  135-156,  1873.) 
Iron  ores.    F.  L.  Nason.    (Missouri  Geol.  Sur.,  ii,  248, 

1892.) 
Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri  Oeol. 

Sur.,  VII,  40 L  pp.,  1895.) 
Lead  region  of  central  Missouri.    A.  Schmidt.    ( Geol.  Sur. 

Missouri,  Rep.  187374, 1,  503-577,  1874.) 
Mineral  waters.    P.  Schweitzer.    ( Missouri  Oeol.  Sur., 

Ill,  283  pp.,  1892.) 
Some  forms  of  ore  deposits  in  limestone.    0.  Henrich. 

( Eng.  and  Min.  Jour.,  xvii,  368-369, 1888.) 
Mystic  coal  basin,  structure.    H.  F.  Bain.    ( Proc.  Iowa  Acad. 

Sci.,  I,  pt.  iv,  33-36,  1894.) 
Mystic  coal   seam,    peculiarities.      H.  F.    Bain.     (American 

Geologist,  XIII,  407-411, 1894.) 
Nason,  Frank  L.  Correct  succession  of  Ozark  series:  a  re- 
view reviewed.  ( American  Geologist,  vol.  xii,  pp,  141- 
147,  Minneapolis,  1893.)  This  is  an  argument  for  the  re- 
cognition of  one  sandstone  instead  of  three  in  the  Mag- 
nesian  limestone  series  of  the  southern  part  of  the  state. 
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Nason,  Frank  L.  Iron  ores  of  Missoari.  (  MisBoari  Geologi- 
cal Survey,  vol.  ii,  393  pp.,  1  map,  Jefferson  City,  1892.) 
Contents :  Obapter  I,  introdnction,  ores  of  iron.  Chapter 
II,  iron  ores  of  Missoori.  Chapter  III,  specular  orea  of 
the  porphyry  region.  Obapter  IV,  red  hematites  of  Mis- 
souri. Chapter  V,  general  geology  of  the  Ozark  aplift. 
Chapter  YI,  specular  ores  of  the  sandstone  region.  Chap- 
ter VII,  limonite  ores.  Chapter  VIII,  introdnction  to 
part  li.  Chapter  IX,  specular  ores  in  sandstone.  Chapter 
X,  limonites.  Chapter  XI,  red  hematites.  Appendix  A, 
iron  deposits  of  northeastern  Arkansas.  Appendix  B, 
historical  and  statistical  sketch  of  the  iron  industry  of 
Missouri. 

The  purpose  of  this  report  is  to  establish  districts  in 
which  iron  ores  are  most  abundant,  to  ascertain  the  exact 
character  of  the  deposits,  in  order  that  prospecting  may 
be  done  in  the  most  intelligible  way,  and  to  determine 
whether  or  not  the  conditions  are  favorable  to  the  estab- 
lishment of  local  smeKing  works.  The  location  of  ore  de- 
posits means,  however,  more  than  the  mere  fixing  of  these 
outcrops  alone.  One  outcrop  points  certainly  to  others, 
neither  now  located  nor  reported  and  the  particular  aim  of 
the  work  done  has  been  to  point  the  direction  in  which 
others  may  be  confidently  looked  for.  The  outcome  of 
the  investigation  has  been  the  examination  of  the  iron  ore 
deposits  in  forty-three  counties.  It  has  included  a  deter- 
mination of  the  general  extent  of  iron  ores  in  the  various 
districts,  an  inquiry  into  their  origin,  an  outlining  of  the 
general  conditions  of  their  distribution,  a  consideration  of 
the  qualities  of  the  various  ores,  for  which  purpose  a  num- 
ber of  samples  were  collected,  of  which  chemical  analyses 
were  made. 

Nason,  Frank  L.  Magoesian  series  of  the  Ozark  uplift. 
(American  Geologist,  vol.  xi,  pp.  91-91.  Minneapolis, 
1893.)  A  reply  to  Broadhead's  criticism  on  previous  work 
in  connection  with  the  iron  ores. 
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Natural  gas  in  eastern  Kansas.    Robert  Hay.    (Trans.  Kan- 
sas Acad.  Sci.,  x,  57-62,  1885.) 
Nature  of  coal  horizons.    0.  B.  Kejes.    ( Joar.  Geology,  i, 

178. 186,  1894.) 
New  and  interesting  species  of  paleozoic  fossils.     8.  A.  Miller 
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Sur.,  11th  Ann.  Kep.,  8081, 1891.) 

Report  of  geological  surrey  of  Missouri,  first  and  second 
annual.  6.  0.  Swallow.  (Missouri  Oaol.  Sur.,  450  pp., 
1855.) 

Report  of  geological  survey  of  state  of  Missouri,  1873-1874. 
O.  0.  Broadhead.    ( Geol.  Sur.  Missouri,  i,  734  pp.,  1874.) 

Report  of  professor  Swallow  on  the  agricultural  and  mechani- 
cal college.  (Missouri  State  Univ.,  Ann.  B dp.  for  1871, 
81105,  1872.)    Analyses  of  soils  are  given. 

Report  of  progress  of  state  geological  survey.  J.  O.  Nor- 
wood. ( Forty-sixth  General  Assembly,  Adj.  Sess.,  Hoase 
Jour.,  926930,  1872.) 

Report  of  state  mine  inspector,  first  annual.  W.  L.  Wolfe. 
( Ninth  Ann.  Bep.  Labor  Com.,  177-258, 1887.) 

Report  of  state  mine  inspector.  0.  G.  Woodson.  (Eleventh 
Ann.  Bep.  Labor  Gom.,  4475 17,  1889.) 

Report,  third  annual,  of  state  mine  inspector.  M.  L.  Wolfe. 
( Eleventh  Ann.  Bep.  Labor  Com.,  447-517,  1889.) 

Report  of  coal  mines.  G.  G.  Woodson.  (Fifth  Annual  Bep. 
State  Mine  Inspectors,  1188,  1891.) 

Report  on  coal  mines.  G.  G.  Woodson.  (Sixth  Ann.  Bep. 
State  Mine  Inspector,  1-181,  1892.) 

Report  (on  coal  mines).  G.  Evans.  (Seventh  Ann.  Bept. 
State  Mine  Inspectors,  1-201,  1893.) 

Report  on  geological  survey  of  state  of  Iowa.  J.  Hall.  ( Geo- 
logy Iowa,  vol.  I,  728  pp.,  1868.) 

Report  on  geology  of  mineral  district  contiguous  to  Iron 
Mountain  railroad.  J.  Y.  PnilUps.  (Pamphlet,  14  pp., 
1859.) 
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Report  on  priacipal  mineB,  preliminary.      A.  Litton.      ( Mis- 

soari  Geo!.  Snr.,  Ist  and  2nd  Ann.  Kepts.,  pt.  ii,  pp.  1-94, 

1855.) 
Report  to  board  of  carators  concerning  transfer  of  geological 

survey  to  school  of  mines.    G.  P.   Williams.    (Missouri 

State  Univ.,  Rep.  1876,  213-216, 1877.) 
Report  upon  physics  and  hydraalics  of  Mississippi  river.    A. 

A.  Hamphreys  and   H.  L.    Abbot.    (Profession  Papers, 

Corps  Top.  Eng.  U.  8.  Army,  No.  13,  691  pp.,  1876.) 
Review  of  contributions  to  paleontology.    G.  0.  Broadhead. 

(Kansas  Oity  £ev.  Sci.  and  Ind.,  iv,  448-449, 1880.) 
Review  of  Ste.  Genevieve  copper   deposit    F.    Nicholson. 

(Trans.  Am.  Inst.  Min.  Eng.,  x,  444-457, 1882.) 
Reynolds  County. 

Grystalline  rocks  of  Missoari.    E.  Haworth.    (Missoari 

Geol.  Sar.,  viii,  81-224, 1895.) 
General  geology  of  Missoari  crystalline  area.    G.  B.  Keyes. 

(Missoari  Geol.  Sar.,  viii,  84-104, 1895.) 
Iron  ores.   F.  L.  Nason.  (Missoari  Geol.  Bar.,  ii,  230, 1892.) 
Notes  in  Missoari  minerals.    E.   Haworth.    (Proc.  Iowa 

Acad.  Sci.,  i,  pt.  ii,  33-35,  1892.) 
Richardson,  J.    Note  on  mastodon  (t)  and  Elephas  primi- 

genins.    (Am.  Joar.  Sci.,  (2),   vol.  xix,  pp.   131-132, 

1855.) 
Biggs,  B.  B.    Loess  and  clays.    (C  S.  Geol.  Sar.,  Ball.  42, 

p.  142.    1887.)    Basalts  of  chemical  analyses  of  loess 

at  Kansas  Gity. 
Ripley  County. 

Dictionary  of  altitades  of  Missoari.    G.  F.  Marbat.    (Mis- 
soari Geol.  Sar.,  viii,  225316,  1895.) 
Iron  ores.    F.  L.  Nason.    (Missoari  Geol.  Sar.,  ii,  254- 

260,  1892.) 
River  ice,  strlation  of  rocks.    J.  E.  Todd.    ( Proc.  Iowa  Acad. 

Sci.,  I,  pt.  ii,  1920,  1892.) 
River  valleys  of  Ozark  plateaa.    O.  H.  Hershey.    ( American 
Geologist,  XVI,  338-356,  1895.) 
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Robertson.  James  D.  MetkocU  of  aaaiju  ponaed  in  deier- 
miAstion  of  minate  qomoiities  of  metals  io  erjstaUine  mod 
elsstic  rocks.  (  Missonri  GeoL  Sor.,  toL  tu^  pp.  740-742; 
Jefferson  City,  1804.) 

Robertson,  James  D.  Missoari  Issd  sod  ziiie  deposits. 
( AmericsQ  Geologist,  toL  xy,  pp.  235-248,  Mianeapolis^ 
1895.)  Eiseotislly  s  brief  sbstrset  of  lesding  points  eon- 
aidered  in  the  report  of  the  sarrej  on  the  lesd  and  zinc 
deposits  of  the  state. 

Rodgers,  H.  D.  Oeolo^  of  United  Ststes.  ( Geology  Penn- 
sylvsnis,  toL  ii,  p.  752,  1858.)  Recognizes  Trenton  lime- 
stone in  Ozark  region. 

Roomer,  F.  Ueber  den  Ban  Ton  Melonites  Malttpora,  ein 
echinid  des  amerikanischen  Kohlenkalks.  (Arehiv.  fnr 
Mstnrgeschiehte,  ein  and  ziranzigster  Jahrgang,  erster 
Band,  pp.  312-330,  1855.)  The  specimen  figured  is  from 
SL  Lonis. 

Rominger,  C.  Observstions  on  Ghaetetes  and  some  related 
genera  in  regard  to  their  systematic  position;  with  an 
appended  description  of  some  neir  species.  ( Proc.  Acad. 
Nat.  Sci.,  Phila.,  1866,  pp.  113-124,  Philadelphia,  1866.) 
Missoori  species  are  described. 

Rowley,  R.  R.  Ohoateaa  groap  of  easterD  MissoarL  ( Ameri- 
can Geologist,  vol.  iii,  pp.  11 1-1 17,  Minaeapolls,  1889. > 
An  accoant  of  the  formatloa  as  foand  at  Loaisiana  and 
vicinily. 

Rowley,  R.  R.  Description  of  new  genas  and  five  new  species 
of  fossils  from  devonian  and  sab-carboniferoas  rocks  of 
Missoari.  (American  Geologist,  vol.  xyi,  pp.  217-233, 
Minneapolis,  1891 )  The  fossils  comprise  one  crinoid,  one 
cephalopod  and  three  gasteropoda  from  the  Lower  Oar- 
boaiferoas  at  Louisiana. 

Rowley,  R.  R.  Description  of  some  new  species  of  crinoids, 
blastoids  and  brachiopods  from  devonian  and  sab-carbon- 
iferoas rocks  of  Missoari.  ( American  Geologist,  vol.  xii, 
pp.  303309,  1  pi.,  Minneapolis,  1893.) 
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Rowley,  R.  R.     New  species  of  Barling  ton  crinoid.     (Ameri- 
can Geologist,  vol.  v,  pp.  146-147,  Minneapolis,  1890.)    Bato- 
orinus  calvini  is  described  from  Loaisiana. 
Rowley,  R.  R.     New  species  of  crinoids  and  brachiopods  from 
Missoari  Hamilton.    ( American  Geologist,  vol.  xiii,  pp. 
15M5i,  Minneapolis,  1894.). 
Rowley,  R.  R.    Observations  on  Einderhook  fossils.    (  Ameri- 
can Geologist,  vol.  iii,  pp.  275-276,  Minneapolis,   1889.) 
Describes  the  characteristics  of  three   common  species 
found  in  the  rocks  at  Loaisiana. 
Rowley,  R.  R.    Observations  on  nataral  casts  of  crinoids  and 
Mastoids  from  Barliagton  limestone.     ( American  Geolo- 
gist, vol.  VI,  pp.  66  67,  1890.) 
Rowley,  R.  R.    Range  of  Ohoatean  fossils.    ( American  Geol- 
ogist, vol.  xir,   pp.  49-50,   Minneapolis,  1893.)    Tabulated 
list  is  given  showing  the  faanal  characteristics  of  the  basal 
portion  of  the  Garboniferoas  and  the  top  of  the  Devonian 
in  Pike  coonty  chiefly. 
Saint  Charles  County. 

Goal  beds.     A.  Winslow.    (Missoari  Geol.  Bar.,  i,  166, 

1891.) 
Dictionary  of  altitudes.    0.  F.  Marbut.    (Missouri  Geol. 

Sur.,  VIII,  225  316,  1895.) 
Formation  of  quaternary  deposits.     J.  E.  Todd.    (Mis- 
soari Geol.  Sar.,  x,  163-166,  1898.) 
Saint  Clair  County. 

Goal  beds.    A.  Winslow.    (  Missouri  Geol.  Sur.,  i,  156-160, 

1891.) 
Dictionary  of  altitudes.    G.  F.  Marbat.    ( Missouri  Geol. 

Sur.,  VIII,  225-316,  1895.) 
Iron  ores.    F.  L.  Nason.    ( Missouri  Geol.  Sur.,  ii,  260-261, 

1892.) 
Lead  and  zinc  deposits.     A.  Winslow.    (Missouri   Geol. 

Sur.,  VII,  401  pp.,  1895.) 
Lead  region  of  central  Missouri.    A.  Schmidt.    ( Geol.  Sur. 

Missouri,  Rep.  1873-74,  l,  503-577,  1874.) 
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Saint  Clair  County,  eoniimmed — 

Mineral   waters.     P.  Schweitzer.    (Missoiiri   GeoL    Sor., 

in,  283  pp.,  1892.) 
MiDeral  waters  of  Henry,  St.  Clair,  Johnson  and  ^S^ewton 

connties.    A.  E.  Woodward.    (Missonri  Geol.   Sar^ 

Bnll.  No.  3,  85-101, 1890.) 
Saint  Francois  County. 

Crystalline  rocks  of  Missonri.     E.  Hawortb.     (  Miaaonri 

6eol.  Snr.,  Tin,  81-224,  1895.) 
Dictionary  of  altitudes.    C.  F.  Marbnt.    (  Miasoori  GeoL 

Snr.,  viii«  225-316,  1895.) 
Fnrther  notes  on  artificial  lead  silicate  from  Bonne  Terre, 

Mo.    H.  A.  Wheeler.    ( Am.  Jonr.  Sci.,  ( 2 ),   xxxii, 

272-273,  1889.) 
General  geology  of  Missonri  crystalline  area.  C.  R.  Keyea. 

( Missonri  Geol.  Snr.,  Tin,  84-104,  1895.) 
Geographic  relations  of  graoites  and  porphyries  in  ematern 

part  of   Ozarks.    C.   B.    Keyes.    (Ball.    Geo!.     Soc. 

America,  Tii,  363-376, 1896.) 
Geology  of  Mine  la  Motte  sheet.    G.  B.  Keyes.     (Missouri 

Geol.  Snr.,  ix,  pt.  iT,  132  pp.,  1896.) 
Iron  Mountain  sheet.    A.  Winslow.    (Missonri  Geol.  Sar., 

IX,  Sheet  Beport  No.  3,  97  pp.,  1894.) 
Lead  and   zinc  deposits.    A.   Winslow.    (Missonri    Geol. 

Snr.,  VII,  401  pp.,  1895.) 
Lead  mioes  soatheast  Missonri.    J.  B.  Gage.    (Geol.  Snr. 

Missonri,  Bep.  187374,  i,  601687,  1874.) 
Mineral  region  of  state  of  Missonri.    J.  N.  Nicollet.    (Am. 

Jour.  Sci.,  (I),  XLT,  340-311,  1843.) 
Missonri  bnildlog  and  ornamental   stones.    G.  B.  Keyes. 

(Stone,  XII,  43L'-439, 546  557  and  xiii,  30-32, 1896.) 
Notes  on  ore  deposits  and  ore   dressing  in  sontheaatem 

Missouri.    J.  F.  Kemp.    (Columbia  School  of  Mines 

Quart.,  IX,  7482,  lfc87.) 
Notes  on  samples  of  iron  ore  collected  in  Missouri.     W. 

M.  GhauTenet.    (Tenth  census  of  United  States,  xv, 

403  420,  1886.) 
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Saint  Francois  County,  continued — 

Occarrence  of  lead  ores  in  Missoari.  J.  B.  Gage.  (Eog. 
and  Min.  Jour.,  xviir,  194  and  209  210,  1874.) 

Prelimioary  report  on  principal  mines.  A.  Litton.  (Mis- 
soari 6eoI.  Sar.,  1st.  and  2nd.  Ann.  Bepts.,  pt.  ii,  1-94, 
1865.) 

Relations  of  granite  and  porphyry  areas  in  soatheastem 
Missoari.  G.  B.  Keyes.  (Jonrnal  Geology,  lY,  375- 
377,  1896.) 

Report  of  Dr.  W.  P.  Jenney.  W.  P.  Jenney.  (U.  8.  Geol. 
Sar.,  11th  Ann.  Bept..  80  81, 1891.) 

Southeast  Missoari  lead  district.  G.  0.  Broadhead.  (Eng. 
and  Min.  Joar.,  xxii,  59-60,  1875.) 

Sontheast  Missoari  lead  district.  *G.  0.  Broadhead.  (Trans. 
Am.  Inst.  Min.  Eng.,  v,  100  107,  1877 ) 
St.  Jolin,  Orestes,  and  A.  H.  Worthen.    Descriptions  of  fossil 

fishes.    (Illinois  Geol.  Sar.,  vol.  Yi,  pp.  243-481,  33  plates, 

Springfield,  1875.)     Missoari  species  are  described. 
St.  John,  Orestes,  and  A.H.  Worthen.    Descriptions  of  fossil 

fishes.    (Illinois  Geol.  Sar.,  vol.  Yii,  pp.   53-264,  31  plates, 

Springfield,  1883.)    Nameroas  species  are  described  from 

Missoari. 
St.  Louis  County. 

Analyses  of  coal.  B.  Ghanvenet  and  A.  A.  Blair.  ( Mis- 
soari Geol.  Sar.,  31  49,  1873.) 

Belcher's  artesian  well  in  St.  Loais.  Anonymous.  (Am. 
Jonr.  Sci.,  (2),  xv,  460-463,  1853.) 

Belcher  and  brother's  artesian  well.  A.  Litton.  ( Trans. 
Acad.  Sci.,  St.  Loais,  i,  80  87, 1857.) 

Gatalogae  of  blastoidea  in  geological  department  of  Brit- 
ish mnseam.  B.  Ethridge,  Jr.,  and  P.  H.  Oarpenter. 
( One  volnme,  188  pp.,  1886 ) 

Ghonetes  as  found  in  western  states  and  territories.  J.  G. 
Norwood  and  H.  Pratten.  (Joar.  Acad.  Nat.  Sci., 
Phila,(2),  II,  23-31,  1854) 
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Saint  Louis  County,  continued — 

Olasftifloation  of  lower  oarboniferoas  rocks  of  Mississippi 

valley.    0.  B.  Keyes.    (Pamphlet,  24  pp,  Washinc^ton, 

1892.) 
Clay,  stone,  lime  and  sand  indastries  of  St.  Loais  city  and 

oonnty.    G.  E.  Ladd.    ( Missouri  Oeol.  Bar.,  Ball.  No. 

3,  5-84, 1890.) 
Goal  beds.    A.  Winslow.    (Biissoari  Geo!.  Bar.,  i,  165-166, 

1891.) 
Gootribations  to  paleontology  of  Illinois  and  other  west- 
ern states.    F.  B.  Meek  and  A.  H.  Worthen.     (Proc. 

Aoad.  Nat.  Bci ,  Phila.,  1865,  245274,  1865.) 
Dental  system  of  mastodon.    W.  E.  Horner.    (Trans.  Am. 

Philos.  Boc,  N.  S.,  Tin,  53-60, 1840.) 
Dental  system  of  mastodon.     W.  E.  Horner.     (Proc.  Am. 

Philos.  Boc,  I,  306308,  1861.) 
Descriptions  of  fossil  fishes.    O.   BL  John   and    A.   H. 

Worthen.    (Illinois  Geol.  Bar.,  v/,  243-481,  1875.) 
Description  of  geological  section  on  Mississippi  river.     B. 

F.  Bhamard.    ( Missouri  Geol.  Bar.,  1st  and  2d  Add. 

Bepts.,  pt.  ii,  137184, 1855.) 
Descriptions   of  fossil   fishes.    O.   Bt.  John   and    A.    H. 

Worthen.    ( Illinois  Geol.  Bar.,  vii,  53-264,  1883.) 
Descriptions  of  fossil  vertebrates.    O.  Bt.  John  and  A.  H. 

Worthen.    ( Illinois  Geol.  Bar.,  Tii,  375  pp  ,  1883.) 
DescriptioQS  of  fossils  from  paleozoic  rocks  of  western 

states,  with  illastrations.    J.  H.  McOhesney.     (  Pamph- 
let, 96  pp.,  1860.) 
Descriptions  of  invertebrates  from  carboniferoas  system. 

F.  B.  Meek  and  A.  H.  Worthen.    (Illinois  Geol.  Bar., 

IT,  143423,  1866.) 
Descriptions  of    fossil    invertebrates.     A.   H.    Worthen. 

(Illinois  Geol.  Bar.,  yiii,  69-151,  1890.) 
Descriptions  of  new  fossils  from  carboniferoas  and  devon- 
ian of  Missoari.    G.  0.  Bwallow.    (Trans.  St.    Loais 

Acad.  Sci.,  i,  635-651,  1860.) 
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Saint  Louis  County,  continued — 

DescriptioDs  of  Dew  fossils  from  carboniferous  anddevon- 
ian  rocks  of  Missoari.  G.  0.  Swallow.  (Trans.  St 
Lonis  Acad.  Soi.,  ii,  81-101, 1863.) 

Descriptions  of  new  fossils  from  coal  measures  of  Mis- 
sonri  and  Kansas.  B.  F.  Shnmard  and  G.  0.  Swallow. 
(Trans.  St.  Loais  Acad.  Soi.,  i,  198-220,  1858.) 

Descriptions  of  new  paleozoic  echinodermata.  G.  Ham- 
bacb.    (Trans.  Acad.  Sci.  St.  Loais,  iv,  548-555,  1884.) 

Description  of  new  paleozoic  fossils.  B.  F.  Sbnmard. 
(Trans.  St.  Loais  Acad.  Sci.,  ii,  108-114,  1863.) 

Descriptions  of  new  species  of  fossils  from  carboniferous 
limestones  of  Indiana  and  Illinois.  J.  Hall.  ( Trans. 
Albany  Inst.,  iv,  1-36,  1858.) 

Descriptions  of  new  species  of  fossils  from  paleozoic 
rocks  of  western  states.  J.  H.  McOhesney.  (Trans. 
Ghioago  Acad.  Sci.,i,  1  58,  1867.) 

Descriptions  of  new  species  of  invertebrates  from  paleo- 
zoic rocks  of  Illinois  and  adjacent  states.  S.  A.  Mil- 
ler and  W.  F.  E.  Garley.  ( Illinois  State  Mas.  Nat. 
Hist.,  Ball.  3,  81  pp.,  1894.) 

Description  of  new  species  of  Productas  from  carboniferoas 
limestone  of  St.  Loais.  H.  A.  Proat.  (Trans.  Acad. 
Sci.,  St.  Loais,  i,  43  46,  1857.) 

Descriptions  of  new  species  of  vertebrates,  mainly  from 
sab-carboniferous  limestone  and  coal  measures  of  Illi- 
nois. J.  ?.  Newberry  and  A.  H.  Worthen.  ( Illinois 
Geol.  Sur.,  ii,  9-141,  1866.) 

Descriptions  of  remains  of  fishes  from  the  carboniferous 
limestones  of  Illinois  and  Missouri.  J.  Leidy.  (Trans. 
Am.  Philos.  Soc,  Nr  S.,  xr,  8791,  1860.) 

Dictionary  of  altitudes.  C.  F.  Marbut.  ( Missouri  Geol. 
Sur.,  VIII,  225  316,  1895.) 

Dr.  Koch  and  Missouri  mastodon.  E.  Andrews.  ( Am. 
Jour.  Sci.,  (3),  X,  32-34,  1875.) 

Dr.  Koch's  Missourium.  P.  B.  Hoy.  ( American  Natural- 
ist, V,  147,'1871.) 
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Saint  Louis  County,  continued — 

First  of  a  series  of  descriptions  of  oarboniferoas  brjozoa. 

H.  A.  Front.    (Trans.  Aoad.  Sci.,  St.  Lonis,  i,  235-238, 

1858.) 
Fishes  from  carboniferous  and   devonian   formations    of 

United  States.    J.  Leidy.     (Jonr.   Acad.  Nat.    Sci., 

PhUa,ni,  159.166,1854.) 
Formation  of  quaternary  deposits.    J.  B.  Todd.    (Sf  isaoari 

Oeol.  Snr.,  x,  16M63,  1896.) 
Foot-marks  and  other  artificial  impressions  on  rooks.     W. 

A.  Adams.    (Am.  Jour.  Sci.,  ( 1 ),  xliy,  200-203,  1843.) 
Fourth  series  of  descriptions  of  bryozoa  from  paleozoic 

rocks  of  western  states  and  territories.    H.  A.  Proat. 

(Trans.  Acad.  Sci.,  St.  Louis,  i,  571-582,  1860  ) 
Fossil  vertebrates.    J.  S.  Newberry  and  A.  H.  Worthen. 

( Illinois  Geol.  Snr.,  iv,  343  374,  1870.) 
Genera  and  species  of  North  American  carboniferoaa  tril- 

obites.    A.  W.  Yogdes.     (Annals  N.  Y.  Acad.  Sci., 

lY,  69- 105, 1888.) 
Geology  of  the  west.    J.  V.  0.  Phillips.    (Kansas    City 

Bev.  Sci.  and  Ind.,  i,  488  491,  1877.) 
Glacial  drift  in  St.  Louis.     H.  A.  Wheeler.    ( Trans.  St. 

Louis  Acad.  Sci.,  vii,  12M22,  1895.) 
Height  of  St.  Louis  directrix.    6.  0.  Broadhead.     (  Am. 

Jour.  Sci ,  ( 3 ),  X,  75,  1875.) 
Invertebrates  from  carboniferous  system.      F.  B.   Meek 

and  A.  H.  Worthen.    (Illinois  Geol.  Sur.,  v,  321-619, 

1873.) 
Mastodon  and  some  other  extinct  animals,  collected  to- 
gether in  St.  Louis,  Missouri.     W.  F.  Horner.     (  Am. 

Jour.  Sci.,  ( 1 ),  XL,  5660,  1840.) 
Mastodon  giganteus.    Anonymous.    (Am.  Jour.  Sci.,  (2), 

II,  131. 134,  1846.) 
Mineral  waters.    P.  Schweitzer.    ( Missouri  Geol.  Sar.,  ni, 

283  pp.,  1892.) 
Mineralogical  notes.    G.  A.  Koenig.    ( Proo.  Acad.  Nat. 

Sci.,  Phila ,  156, 1876.) 
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Saint  Louis  County,  continued — 

Note  of  remains  of  tnastodOD.     W.  E.  Horner.     (Proc. 

Am.  PhiloB.  Soo.,  i,  279-283,  186i.) 
Notice  of  Prodncti  found  in  western  states  and  territories. 

J.  G.  Norwood  and  H.  Pratten.    (Jour.  Acad.  Nat. 

Sci.,  Phila,  (2),  iii,  5-23,  1854.) 
Notice  of  two  new  fossil  mammals  from  Brunswick  canal, 

Georgia;  with  observations  on  some  of  fossil  quad- 
rupeds of  United  States.     B.  Harlan.     (Am.  Jour. 

Sci.,  (1),  XLlll,  141-146,  1842.) 
Occurrence  of  blende  in  lignite.    H.  A.  Wheeler.    (Trans. 

St.  Louis  Acad.  Sci.,  vii,  123-125,  1895.) 
Occurrence  of  millerite  in  St.  Louis.    A.  Y.   Leonhard. 

( Trans.  Acad.  Sci.  St.  Louis,  i\r,  493-496,  1884.) 
Paleontology  of  Iowa.    J.  Hall.    ( Geology  Iowa,  i,  473- 

725,  1868.) 
Paleontology  of  Missouri.    0.  B.  Eeyes.    ( Missouri  Geol. 

Sur.,  IV,  312  pp.,  1894.) 
Paleontology  of  Missouri.    C.  B.  Eeyes.    (Missouri  Geol. 

Sur.,  V,  320  pp.,  1894.) 
Paleozoic  bryozoa.    E.  O.  Ulrich.    ( Illinois  Geol.  Sur., 

Vlli,  283688,  1890 ) 
Paleozoic  fishes  of  North  America.    J.  S.  Newberry.    ( U. 

S.  Geol.  Sur.,  Mon.  xvr,  228  pp.,  1889 ) 
Bemarkable  fossil  echinoderm,  from  limestone  formation 

of  St.  Louis,  Missouri.    J.  G.  Norwood  and  D.  D. 

Owen.    (  Am.  Jour.  Sci.,  ( 2 ),  it,  225-229,  1846.) 
Bemarks  on  abstract,  of  professor  Owen's  paper  on  Eoch 

collection  to  London  geological  society.      I.  Hays. 

(Trans.  Am.  Philos.  Soc,  ii,  183-184,  1842.) 
Bemarks  on  collection  of  fossil  bones,  chiefly  of  mastodon, 

brought  to  the  city  by  Albert  Eoch,  of  St.  Louis.    I. 

Hays.    ( Proc.  Am.  Philos.  Soc,  ii.,  102-104,  1862.) 
Bemarks   on  geology   of  state   of  Missouri.      H.  Eing. 

( Proc.  Am.  As.  Adv.  Sci.,  v,  182-200,  1851.) 
Bemarks  on  Melonites  multipora.    G.  Englemann.    (Am. 

Jour.  Sci.,  (2),  iiT,  124  126,  1847.) 
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^      Saint  Louis  County,  continued — 

Remarks  on  Miesoariam  kochii.    P.  B.  Ooddard.     (Proc. 

Acad.  Nat.  Sci.,  Phila.,  i,  115-116,  1841.) 
Remarks  on  prints  of  human  feet  observed  in  secondary 

limestone  of  Mississippi  valley.    H.  R.  Schoolcrafr. 

(Am.  Joar.   Sci.,  (1),  T,  223-231,  1822.)    Olaims    made 

that  certain  impressions  were  those  of  a  haman  bein^:. 
Remarks  on  Saint  Lonis  limestone.    O.  Eoglemann.     (Am. 

Jour.  Sci.,  (2),  111,  119120, 1847.) 
Remarks  on  three  papers  recently  read  to  the   geological 

society  of  London,  relative  to  mastodoutoid  animals 

in  the  collection  of  Mr.  Koch.    1.  Hays.    (Proc.  Am. 

Philop.  Soc.,11,  264-267,  1862.) 
Some  new   varieties  of  Spirifer  lineatns.    O.  O.  Swallow. 

(Trans.  St.  Lonis  Acad.  Sci.,  ii,  408-411,  1866.) 
Striation  of  rock  by  river  ice.    J.  E.  Todd.    (American 

Geologist,  IX,  396-400,  1892.) 
Studies  of  Melonites  mnltiporus.    R.T.  Jackson  and  T.  A. 

Jaggar,  Jr.    (Ball.  6eol.  Soc.  America,  Yii,   135-170, 

1896.) 
Studies   of  palseechinoidea.    R.  T.  Jackson.    (Ball.  Oeol. 

Soc.  America,  vii,  171  364,  1896.) 
Supposed  fall   of  meteroic  iron  at   St.  Louis,  Mo.     B.  F. 

Sbumard.    (Am.  Jour.  Sci.,  (2),  xxxiv,  443  444<.  1862.) 
Saint   Lonis  limestone,  remarks.     G.   Englemann.     (Am. 

Jour.  Sci.,  (2),  HI,  119  120,  1847.) 
Third  series   of  descriptions   of  bryozoa  from  paleozoic 

rocks  of  western  states  and  territories.     H.  A.  Proat. 

(Trans.  Acad.  Sci.,  St.  Louis,  i,  443-453, 1859.) 
Ueber  den  Ban  von  Melonites  Multipora,  ein  Echnid   dea 

amerikanischen  Kohlenkalks.      F.  Roemer.    (Archiv. 

fur  Naturgeschichte,  ein  und  zwansigster  Jahrgang, 

I  Band,  312330,  1865.) 
Ueber  das   Carbon  des   Mississippit bales.     G.  R.  Keyes. 

(Neues  Jahrbuch    fur   Min.,    Geol.   and  Pal.,  Jahrg^. 

1896,  I,  96- 110,  1896.) 
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Saint  Louis  County,  continued — 

Vertebrate  from   St  LoaiB   limestone.      W.    McAdams. 

( Proc.  Am.  As.  Adv.  Soi.,  xxxii,  269,  1883.) 
Well  at  iaeaoe  asylum,  St.  Loms  county.  G.  G.  Broadhead. 
( Trans.  Acad.  Sci.  SL  Louis,  iii,  216-224, 1870.) 
Sainte  Genevieve  County. 

Abstract  of  ^^review  of  some  points  in  Dr.  B.  F.  Shumard's 

report  on  geology  of  Ste.  Genevieve  county,  Mo." 
( Trans.  St.  Louis  Acad.  Sci.,  i,  69*6-698,  I860.) 

Oherts  of  Missouri.  E.  O.  Hovey.  ( Missouri  Geol.  Snr., 
VII,  7^7-739,  1894.) 

Contributions  to  paleontology  of  Illinois  and  other  western 
states.  F.  B.  Meek  and  A.  H.  Worthen.  ( Proc.  Acad. 
Nat.  Sci.,  Phila.,  1866,  251276,  1866.) 

Description  of  geological  section  on  Mississippi  river.  B. 
F.  Sbumard.  (  Missouri  Geol.  Sur..  Ist  and  2nd  Ann. 
Bepts.,  pt.  ii,  137-184,  1855.) 

Descriptions  of  eight  new  fossil  shells  of  United  States. 
T.  Conrad.  (Proc.  Acad.  Nat.  Sci.,  Phila.,  ii,  173-175, 
1846.) 

Descriptions  of  fossils  from  paleozoic  rocks  of  western 
states,  with  illustrations.  J.  H.  McChesney.  ( Pamph- 
let, 96  pp.,  1860.) 

Descriptions  of  new  paleozoic  fossils  from  Illinois  and 
Iowa.  F.  B.  Meek  and  A.  H.  Worthen.  ( Proc.  Acad. 
Nat.  Sci.,  Phila.,  128-149,  1861.) 

Descriptions  of  new  species  of  fossils  from  paleozoic  rooks 
of  western  states.  J.  H.  McChesney.  (Trans.  Chi- 
cago Acad.  Sci.,  i,  1-58,  1867.) 

Descriptions  of  some  new  fossils  from  carboniferous  and 
devonian  rocks  of  Missouri.  G.  C.  Swallow.  (Trans. 
St.  Louis  Acad.  Sci.,  ii,  81-101,  1863.) 

Classification  of  lower  carboniferous  rocks  of  Mississippi 
valley.  C.  B.  Eeyes.  ( Pamphlet,  24  pp.,  Washington, 
1892.) 

Geological  description.  B.  F.  Sbumard.  ( Geol.  Sur.  Mis- 
souri, 1851-71,  290-303,  1873.) 
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Sainte  Genevieve  County,  continued — 

Geological  sar^ey  of  state  of  Iowa.    J.  Hall.     (Geology 

Iowa,  I,  1-472,  1858.) 
Oeology  of  Mine  la  Motte  ebeet.    0.  B.  Keyes.    (  3f  issonri 

Oeol.  Bar.,  ix^  pt.  iv,  132  pp.,  1896.) 
Lead  and  zinc  deposits.    A.  Wiaslow.    (  Missoari    Oeol. 

Snr.,  vif,  401  pp.,  1895.) 
Lead  mines  of  soatheast  Missouri.    J.  B.  Oage.     ( Oeol. 

Snr.  Missonri,  Bep.  1873-71,  i,  601-687,  1874.) 
Metallic  wealth  of  United  States.    J.  D.  Whitney.     (  One 

volnme,  481  pp.,  Philadelphia,  1854.) 
Meteorite  in  Missoari.    E.  G.  Herriok.    (Am.  Joar.  Sci., 

( 1 ),  xxxvii,  386-387,  1839.) 
Observations  on  geology  of  oonnty  of  Ste.  Genevieve.    B. 

F.  Shamard.    (Trans.  St.  Lonts  Acad.  Scl.,  i,  404-416, 

1858.) 
Paleontology  of  Missoari.    0.  B.  Eeyes.    (  Missoari  Geo). 

Sar.,  IV,  314  pp.,  1894.) 
Paleontology  of  Missoari.    0.  B.  Keyes.    (  Missoari  Oeol. 

Sar.,  V,  320  pp.,  1894.) 
Beview  of  Ste.  Genevieve  copper  deposit.    F.  Nioholaon. 

(Trans.  Am.  Inst.  Min.  Eng.^  x,  444-457, 1882.) 
Ste.  Genevieve  ooanty  copper  mines.    J.  B.  Gage.    ( Kan- 
sas City  Bev.  Sci.  and  Ind.,  i,  603-605,  1877.) 
Some  new  varieties  of  Spirif«^r  lineatas.    G.  O.  Swallow. 

(Trans.  St.  Lonis  Acad.  Soi.,  ii,  408-411,  1866.) 
Soatheast  Missoari  lead  district.  G.  0.  Broadhead.  ( Trans. 

Am.  Inst.  Min.  Eog.,  v,  100-107,  1877.) 
Strength  of  bailding  materials.     G.  A.  Smith.    ( Missoari 

Geol.  Sar.,  403-413,  1873.) 
Views  of  Loaisiana ;  together  with  joarnal  of  voyage  up 

Missoari  river,  ia  1811.     H.  M.  Breckenridge.    (One 

volame,  301  pp.,  1814.) 
Ueber  das  Carboa  des   Mississippithales.    C.  B.  Eeyes. 

(Neaes    Jahrboeh  far  Min.,  Geol.  and    Bal.,    Jahrg. 

1896,1,  96-110,  1896.) 
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Sainte  Genevieve  copper    deposit,    review.      F.   NioholsoD. 

(Trans.  Am.  iMt.  MId.  Eog.,  x,  444-457, 1882.) 
Sainte  Genevieve  oonuty  copper  mines.    J.  K.  Oage.    (  Kan- 
sas City  Rev.  Sci.  and  Ind.,  i,  603-608,  1877.) 
Sainte  Genevieve  county,  Mo.,  abstract  of  some  points  in 

Dr.  B.  F.  Shnmard's  report  on  geology.    A.  H.  Worthen. 

( Trans.  8t.  Loais  Acad.  Sci.,  i,  696-698,  1860.) 
Saline  County. 

Goal  beds.  A.  Winslow.  (  Missouri  Oeol.  Sur.,  i.  124-126, 
1891.) 

Contributions  from  laboratory  of  Missouii  school  of  mines 
and  metallurgy.  C.  P.  Williams.  (Missouri  State 
Univ.,  Ann.  Bep.  for  1876,  197212,  1877.)  Analysis 
of  Sveet  Springs  water  is  gi^en. 

Descriptions  of  new  fossils  from  carboniferous  and  devon- 
ian of  Missouri.  O.  C.  Swallow.  (Trans.  St.  Louis 
Acad.  Sci.,  i,  635-651,  1860.) 

Dictionary  of  altitudes.  C.  F.  Marbut.  ( Missouri  6eol. 
Sur.,  VIII,  225  316,  1895.) 

Forioation  of  quaternary  deposits.  J.  E.  Todd.  (Mis- 
souri Geol.  Sur.,  x,  149-151,  1896.) 

Geological  description.  F.  B.  Meek.  ( Geol.  Sur.  Mis- 
soun,  1855-71,  154-188,  1873.) 

Lead  and  zinc  deposits.  A.  Winslow.  (Missouii  Geol. 
Sur.,  VII,  401  pp.,  1895.) 

Lead  regions  of  central  Missouri.  A.  Schmidt.  (Geol.  Sur. 
Missouri,  Bep.  1873-74,  i,  503-577,  1874.) 

Mineral  waters.  P.  Schweitzer.  (Missouri  Geol.  Sur.,  in, 
283  pp.,  1892.) 

Mineral  waters  of  Saline  county.  A.  £.  Woodward.  (Mis- 
souri Geol.  Sur.,  Bull.  No.  1,  45  59,  1890.) 

Paleontology  of  Missouri.  C.  B.  Eeyes.  (Missouri  Geol. 
Sur.,  IV,  314  pp.,  1894.) 

Paleontology  of  Missouri.  C.  B.  Eeyes.  (Missouri  Geol. 
Sur.,  Y,  320  pp.,  1894.) 
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Salisbury,  R.  D.  BelatioDfehip  of  pleistocene  to  pre-pleisto- 
oene  formations  of  Growler's  ridge  and  at^jacent  areas 
south  of  limit  of  glaciation.  (Arkansas  Geol.  Sar.,  Add. 
Bept.  1889,  vol.  ii,  pp.  224.^^8,  Little  Bock,  1891.)  laci- 
dental  references  to  Missonri  geology. 

Salisbury,  R.  D.,  T.  0  Ohamberlain  and.  PleistoceDe,  rela- 
tionship to  pre-pleistooene  formations  of  Mississippi  basiD 
south  of  limit  of  glaciation.  (Am.  Jour.  Sci.,  (3),  vol.  XL.i, 
pp.  359-377,  New  Haven,  1891.)  Incidental  references 
are  made  to  the  state. 

Samples  of  iron  ore  collected  in  Missouri,  notes.  W.  M. 
Ohauvenet.    (U.  S.  Tenth  Census,  xv,  403  420, 1885.) 

Sampson,  F.  A.  Bibliography  of  geology  of  Missouri.  (Qeo- 
logical  Survey  of  Missonri,  Bull.  2, 158  pp,  JefFersoD  City, 
1890.)  A  preliminary  list  of  publications  pertaining  to  the 
geology  of  Missouri. 

Sampson,  F.  A.  Notes  on  sub-carboniferous  series  at  Seda- 
lia,  Missouri.  (Trans.  N.  Y.  Acad.  Sci.,  vol.  vii,  pp.  246- 
247, 1888.) 

Sand  bowlders  in  drift,  or  sub-aqueous  origin  of  drift  in  cen- 
tral Missouri.  J.  W.  Spencer.  (American  Naturalist,  xxi, 
917  923,  1887.) 

Sand  bowlders  in  drift,  or  sub-aqueous  origin  of  drift  in  cen- 
tral Missonri.  J.  W.  Spencer.  (Proc.  Am.  As.  Adv.  Sci., 
XXXVI,  220,  1887.) 

Sawyer,  A.  Origin  of  ravines  in  the  prairies.  (Trans.  St. 
Louis  Acad.  Soi.,  vol.  ill,  p.  cxUx,  St.  L^uis,  1874.)  Re- 
cords observations  on  the  prairies  at  Hillsboro. 

Schmidt,  Adolph.     Forms  and  origin  of  lead  and  zinc  deposits 
of  southwest   Missouri.    (Trans.  St.  Louis  Acad.  Sci.,  vol 
III,  pp.  246-253,  St.  Louis,  1874.)    A  general  account    of 
the  processes  involved. 

Schmidt,  Adolph.  Iron  ores  of  Missouri.  (Missouri  Geo- 
logical Survey,  1  vol.,  pp.  60214,  New  York,  1873.)  De- 
scribes  in  detail  the  various  kinds  of  iron  and  the  mode  of 
occurrence. 
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Schmidt,  Adolph.  Iron  ores  of  Missonri.  (Iron  ores  of  Mis- 
soari  and  MichigaD,  320  pp.,  Nevr  York,  1876 ) 

Schmidt,  Adolph.  Lead  region  of  central  Missonri.  (Geol. 
Snr.  Missonri,  1873-74,  vol.  i,  pp.  503-677,  Jefferson  City, 
1874 )  Several  of  the  principal  ore-prodncing  districts  are 
folly  described  and  a  description  of  the  ores  and  associ- 
ated minerals  given,  inclading  a  special  acconnt  of  the  ore 
deposits. 

Schmidt,  Adolph.  Metallargical  properties  of  Missonri  iron 
ores.  ( Geol.  Snr.  Missonri,  1873  74,  vol.  i,  pp.  567-600, 
Jefferson  City,  1874.) 

Schmidt,  Adolph.  Practical  rnlf  s  for  jndging  of  and  for  devel- 
oping the  deports  of  iron  ore  in  Missonri.  (Oeol.  Snr. 
Missouri,  1873- 74,  vol.  i,  pp.  678586,  1874.) 

Schmidt,  Adolph.  Ueber  eine  Unwandling  des  Hornsteins. 
(Nenes  Jahrb,  1878,  pp.  719-721,  1878)  The  changes  of 
the  hornstones  of  southwest  Missonri  are  described. 

Schmidt,  Adolph,  and  Alexander  Leonard.  Lead  and  zinc 
regions  of  southwest  Missonri.  (Oeol.  Snr.  Missouri, 
1873  74,  vol.  I,  pp.  381602,  Jefferson  City,  1874.)  Several 
of  the  principal  ore  producing  districts  are  fully  described 
and  a  description  of  the  ores  and  associated  minerals  given, 
including  a  special  acconnt  of  the  ore  deposits. 

Schoolcraft,  H.  R.  Remarks  on  prints  of  human  feet,  observed 
in  secondary  limestone  of  Mississippi  valley.  (  Am.  Jour. 
Sci.,  ( 1 ),  vol.  v,  pp.  231-233,  New  Haven,  1822.)  Claims 
made  that  certain  impressions  were  those  of  a  human 
being. 

Schoolcraft,  H.  R.  Scenes  and  adventures  in  semi-alpine 
region  of  Ozark  mountains  of  Missouri  and  Arkansas 
which  were  first  traversed  by  De  Soto,  in  1541.  (One 
volume,  253  pp.,  Philadelphia,  1853.) 

Schoolcraft,  H.  R.  View  of  lead  mines  of  Missouri.  (One 
volume,  299  pp.,  New  York,  1819.)  Includes  some  observa- 
tions on  the  mineralogy,  geology,  antiquities,  soil,  climate, 
population  and  productions  of  Missouri  and  Arkansas,  and 
other  sections  of  the  western  country. 
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Schuchert,  Charles.  Syringothyris,  Winohell,  and  its  Amer- 
ican speoieft.  (Ninth  Ann.  Bep.  State  Qeologist  Neir  Toik, 
pp.  28-38,  Albany,  1890.)    Missoari  localities  are  given. 

Schuyler  County. 

Goal  beds.    A.  Winslow.    (Biiesoari   Oeol.  Sor.,  i,  54-55, 

1891.) 
Dictionary  of  altitudes.    0.  F.  Marbat.    (Missonri    Oeol. 

SuF.,  YilT,  225-316,  1895.) 
Geological  description.    0.  J.  Norwood.    (Biissoaii  Geol. 
Bar.,  I,  292302,  1874.) 

Schweitzer,  Paul.  Oontribntions  from  laboratory  of  state 
university.  (Missouri  State  Univ.,  Ann.  Bep.  for  1874, 
pp.  160- 169,  1875.)  Contains  account  of  the  calybeate 
spring  and  the  water  supply  of  Columbia. 

Schweitzer,  Paul.  Contributions  from  laboratory  of  state 
university.  (Missouri  State  Univ.,  Ann.  Bep.  for  1875, 
pp.  155-193,  1875)  Contains  reports  on  the  true  compo- 
sition of  coal,  and  on  the  methods  of  arriving  at  it,  with 
deductions  and  remarks  on  coal  in  general,  illustrated  by 
a  sample  of  coal  from  the  Lower  Coal  series  of  Missouri; 
and  on  the  water  supply  of  Columbia,  Boone  county, 
Missouri,  being  an  exposition  on  the  origin  of  the  sprin^^s 
and  subterranean  water-courses  of  the  town  and  neig^h- 
borhood,  with  some  analyses  of  cistern  water. 

Schweitzer,  Paul.  Mineral  waters  of  Missouri.  (Missoari 
Geol.  Snr.,  vol.  in,  356  pp.,  Jefiferson  City,  1892.)  A  fall 
discussion  and  description  of  the  mineral  springs  and 
waters. 

Scope  of  paleontology  and  its  value  to  geologists.  H.  S. 
Williams.    (American  Geologist,  x,  148-169, 1892.) 

Scotland  County. 

Coal  beds.    A.  Winslow.    (Missouri  Geol.   Sur.,  i,  53-51, 

1891.) 
Dictionary  of  altitudes.-    C.  F.  Marbut.    (Missouri  Geol. 

Sur.,  viii,  225-316,  1895.) 
Formation  of  quaternary  deposits.    J.  E.  Todd.    (Missouri 
Geol.  Sur.,  x,  176,  1896.) 
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Scudder,  S.  H.  Older  fossil  insects  west  of  the  Mississippi. 
(Proo.  Boston  Soo.  Nat.  Hist.,  vol.  xxii,  pp.  58-61,  Boston, 
1883.)  Contains  a  notice  of  a  hempipterons  insect  from 
Kansas  Oity. 

Seamon,  W.  H.  Zinciferous  clays  of  southwest  Missonri,  and 
theory  as  to  growth  of  calamine  of  that  section.  (Am. 
Joar.  Set.,  (3),  vol.  xxxix,  pp.  38-42,  New  Haven,  1890.) 

Section  from  Cleveland,  Ohio,  to  Mississippi  river,  in  south- 
west direction,  with  remarks  upon  identity  of  western  for- 
mations with  those  of  New  York.  J.  Hall.  (Trans.  As. 
Am.  Geologists  and  Naturalists,  267-293,  1842.) 

Second  report  of  state  mine  inspector.  M.  L.  Wolf.  (Tenth 
Ann.  Bep.  Bureau  Labor  Statistics,  59-125,  1889.) 

Section,  vertical,  of  Silurian  strata  of  Gape  Oirardeau  county. 
B.  F.  Shumard.    (Trans.  St.  Louis  Acad.  Sci.,ii,  156, 1863.) 

Secular  decay  of  granitic  rocks.  G.  B.  Keyes.  (Proc.  Iowa 
Acad.  Sci.,  ii,  27-31,  1895.)  Special  mention  made  of  the 
granitic  area  of  southeast  Missouri  and  several  illustra- 
tions gi^en. 

Sedalia  trilobites.  A.  W.  Yogdes.  (Trans.  St.  Louis  Acad. 
Sci.,  V,  615-618,  1892.) 

Serial  nomenclature  of  carboniferous.  0.  B.  Eeyes.  (Ameri- 
can Geologist,  XVIII,  22-28,  1896.) 

Shaler,  N.  8.  General  account  of  fresh-water  morasses  of 
United  States.  (U.  S.  Geol.  Sur.,  10th  Ann.  Bept.,  pp. 
255-339,  1890.)     Area  of  flooded  lands  of  the  state  given. 

Shannon  County. 

Contributions  from  laboratory  of  Missouri  school  of  mines 

and  metallurgy.  G.  P.  Williams.  (Missouri  State  Univ., 

Ann.  Bep.  for  1876, 197-212,  1877)    Copper  ore  noted. 

Crystalline  rocks  of  Missouri.    £.  Haworth.    (Missouri 

Geol.  Sur.,  viii,  81-224,  1895.) 
Dictionary  of  altitudes.    C.  F.  Marbut.    (Missouri  Geol. 

Sur.,  viii,  225  316,  1895.) 
General  geology  of  Missouri  crystalline  area.    0.  B.  Keyes. 
(Missouri  Geol.  Sur.,  viii,  84104,  1895.) 
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Shannon  County,  continued- 
Iron  ores.    F.  L.  Nason.    (  Biissoari  Oeol.  Snr.,  li,  26  l-26:{t 

1892) 
Notes  OD  Shannon  conoty  and  its  copper  deposits.     G.  P. 

Williams.    ( Geo!.  Snr.  Missonri,  Indasfrlnl  Report  on 

Lead,  Zinc,  aod  Iron,  157- 167, 1877.) 
Shelby  County. 

Goal  beds.    A.  Winslow.    ( Missonri  Geoi.  Bar.,  i,  86-87, 

1891.) 
Dictionary  of  altitndep.    G.  F.  Marbnt.    ( Missonri   Geol. 

Snr.,  Till,  225-316, 1895.) 
Formation  of  qnaternary  deposits.    J.  E.  Todd.    (  Missonri 

Geol.  Snr.,  x,  1721 73, 1896.) 
Geological  description.    G.  C.   Broadhead.    (Geol.   Snr» 

Missonri,  1865-71,  65-73, 1873.) 
Some  new  varieties  of  Spirifer  lineatns.    G.  O.  Swallow. 

(Trans.  St.  Lonis  Acad.  Sci.,  ii,  408  411,  1866.) 
Shumard,  B.  F.   Oatalogne  of  paleozoic  fossils  of  North  Amer- 
ica.   (Trans.  St.  Lonis  Acad.  Sci.,  vol.  ii,  pp.  334-407,  St. 
Lonis,  1866.)    A  large  number  of  species  noted  froon  Mis- 
sonri. 
Shumard,  B.  F.    Description  of  new  fossil  crinoidea  fronk  pale- 
ozoic rocks  of  western  and  sontbern  portions  of  United 
States.    (Trans.  St.  Lonis  Acad.  Sci.,  vol.  i,  pp.  71-81,  St. 
Loois,  1857.)    Varions  forms  from  the  state  noted. 
Shumard,  B.  F.    Description  of  geological  section  on  Missis- 
sippi river.    ( Missonri  Geological  Sarvey,  First  and  Second 
Annual  Reports,  pt.  ii,  137-184,  Jefferson  Oity,  1855.)  Gives 
with  considerable  detail  the  geological  formations  observed 
on  the  Mississippi  from  St.  Lonis  to  Oommerce. 
Shumard,  B.  F.     Description  of  new  paleozoic  fossils.  (Trans. 
St.  Lonis  Acad.  Sci.,  vol.  ii,  pp.  10SII4,  St.  Lonis,  1863.) 
Species  are  described  from  the  state. 
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Shumard,  B.  F.  Descriptioa  of  new  species  of  blastoidea 
from  paleozoic  rocks  of  western  states,  with  some  obser- 
vations on  stmctare  of  sammit  of  genus  Pentremites. 
( Trans.  St.  Lonis  Acad.  Sci.,  vol.  i,  pp.  238-249,  St  Louis, 
1857.)  Contains  a  table  of  genera  and  species  of  bias- 
toids  found  in  Missouri  and  other  western  and  southern 
states. 

Shumard,  B.  F*  Notice  of  some  new  and  imperfectly  known 
fossils  from  Primordial  zone,  Potsdam  sandstone  and  Oal- 
cifepons  sand  gronp  of  Wisconsin  and  Missonri.  ( Trans* 
St.  Lonis  Acad.  Sci.,  vol.  ii,  pp.  lOL-108,  St.  Louis,  1862.) 
Describes  a  number  of  forms  from  various  parts  of  the 
state. 

Shumard,  B.  F.  Observations  on  geology  of  county  of  Ste. 
Genevieve.  ( Trans.  St.  Louis  Acad.  Sci.,  vol.  i,  pp.  404- 
416,  St.  Louis,  1858.)  An  abstract  from  a  report  made  to 
the  Missouri  geological  survey  in  1859. 

Shumard,  B.  F.  Paleontology.  (Missonri  Geological  Survey,. 
First  and  Second  Annual  Reports,  pt.  ii,  pp.  185  208,  Jef» 
ferson  City,  1855.)  A  number  of  new  species  of  fossils 
described  and  figured. 

Shumard,  B.  F.  [Reports  on  various  counties.]  (  Geological 
Survey  Missouri,  1855-71,  pp.  189  323,  6  maps,  Jefferson 
Oity,  1873.)  Geological  aooonnts  of  Ozark,  Wright,  La- 
clede, Pulaski,  Phelps,  Crawford,  Gape  Girardeau,  Perry^ 
Ste.  Genevieve,  Jefferson  and  Olark  counties. 

Shumard,  B.  F.  Supposed  fall  of  meteoric  iron  at  St.  Lonis, 
Mo.  (Amer.  Jour.  Sci.,  (2),  vol.  xxxiv,  pp.  443-444,  New 
Haven,  1862.) 

Shumard,  B.  F.  Vertical  section  of  Silurian  strata  of  Gape 
Girardeau  county.  (Trans.  St.  Louis  Acad.  Sci.,  vol.  ii,  p. 
156,  St.  Louis,  1863.) 

Shumard,  B.  F.,  and  G.  0.  Swallow.  Descriptions  of  new  fos- 
sils from  coal  measures  of  Missouri  and  Kansas.  (Trans. 
St.  Louis   Acad.  Sci.,  vol.  i,  pp.  198220,  St.  Louis,   1858.) 

G—Sl 
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Silicates. 

OalimiDe  in  Missonri.  G.  Troost.  (km.  Joar.  8ci.,  (1).  xii, 
376-378, 1827.) 

Zinoiferoas  clays  of  son  th  west  Missoari  and  a  theory  as  to 
the  growth   of  the  calamine  of  that  section.     W.  H. 
SeamoD.    (Am.  Joar.  Sci.,  (3),  xxxix,  38-42,  1890.) 
Silurian. 

ADDual  report  of  state  geologist  for  1894.  O.  R.  Keyea. 
(Missoari  Oeol.  Bar.,  viii,  406  pp.,  1895.) 

Barite  crystals  from  Last  Chance  mine,  Morgan  coanty, 
Missoari.  G.  G.  Broadhead.  (Am.  Joar.  Sci.,  (3), 
Xlll,  419.420,  1877.) 

Oharacteristics  of  Ozark  monntains.  G.  B.  Keyes.  (Mis- 
souri Geol.  Sar.,  viii,  317-352,  1895.) 

Oherts  of  Missoari.  E.  O.  Hovey.  (Missoari  Geol.  Bar., 
VII,  727-739,  1894.) 

Correct  succession  of  Ozark  series.  G.  0.  Broadhead. 
(American  Geologist,  xi,  260-268,  1893.) 

Correct  succession  of  Ozark  series.  F.  L.  Nason.  (Amer- 
ican Geologist,  xii,  141-147, 1893.) 

Description  of  geological  section  on  Mississippi  riv^er. 
B.  F.  Shumard.  ( Missoari  Geol.  Bur.,  Ist  and  2nd 
Ann.  Bepts.,  pt.  ii,  137-184,  1853.) 

Descriptions  of  new  species  of  crinoidea  from  paleozoic 
rocks  of  Illinois  and  adjoining  states.  F.  B.  Meek 
and  A.  H.  Worthen.  ( Proc.  Acad.  Nat.  Sci.,  Phila., 
143156,  1865.) 

First  and  second  annual  reports  of  geological  survey 
of  Missouri.  G.  C.  Swallow.  ( Missouri  Geol.  Snr., 
450  pp.,  1855.) 

Flint  chips.  G.  C.  Broadhead.  ( Kansas  City  Rev.  Sci. 
and  Ind.,  Vli,  599602,  1883.) 

lieneral  geology  of  Missouri  crystalline  area.  C.  B.  Keyes. 
(  Missouri  Geol.  Sur.,  viii,  84-104,  1895.) 

Geological  history  of  Missouri  paleozoic.  G.  G.  Broad- 
head.   { American  Geologist,  xtY,  330-388,  1894  ) 


BIBLIOQBAPHT.  483 

Silurian,  entUinued — 

Geological  sketches  of  Mississippi   valley.      E.  James. 

( Joar.  Acad.  Nat  8ci.,  Phila.,  ii,  326-329,  1822.) 
Geology  of  TTnited   States.    H.  D.  Eodgers.    (Geology 

Pennsylvania,  ii,  752,  1858.) 
Glyptocrinas  redefined  and  restricted,  Ganrocrinns,  Pyno- 

crinas  and  Oompsocrinns  established,  and  two  new 

species  described.    S.  A.   Miller.    (Joar.  Oincinnati 

Soc.  Nat.  Hist.,  vi,  217-230, 1883.) 
Illastration  of  flexibility  of  limestone.   A.  Winslow.    (Am. 

Joar.  Sci.,  (3 ),  XLiii,  133-134,  1892.) 
Iron  Moantain  sheet.    A.  Winslow.    (  Missoari  Geol.  Bar., 

IX,  Sheet  Report  No.  3,  97  pp.,  1894.) 
Lead  and  zinc  deposits.    A.  Winslow.    (Missoari  Geol. 

Sar.,  VI,  387  pp.,  1895.) 
Lead  mines  in  Missoari.     G.  G.  Broadhead.    ( American 

Nataralist,  iv,  766, 1870.) 
Lincoln  connty.     W.  B.  Potter.    ( Missoari  Geol.  Sar.,  2L5- 

289,  1873 ) 
Metallic  wealth  of  United  States.    J.  D.  Whitney.    (One 

volume,  481  pp.,  Philadelphia,  1854.) 
North  American  crinoidea  camerata.    0.  Wachsmath  and 

F.  Sprioger.    ( Memoirs   Mas.  Oom.  ZooL,  vol.  — ,  pp, 

,  1896.) 

Notes  on  samples  of  iron  ore  collected  in  Missoari.     W. 

M.  Ghaavenet.    (Tenth  censas  of  United  States,  xv, 

403  420,  1886.) 
Notes  on  lead  and  zinc  deposits  of  Mississippi  valley  and 

origin  of  the  ores.     A.  Winslow.    (Journal    Geology, 

I,  6L2  6L9,  189).) 
Notice  of  some  new  and  imperfectly  known  fossils  from 

Primordial  zone,  Potsdam  sandstone  and  Oalciferons 

sand  group  of  Wisconsin  and  Missoari.  B.  F.  Shumard. 

(Trans.  St.  Louis  Acad.  Sci.,  ii,  101-108,  1862.) 
Organic  remains  which  characterize  the  transition  series  of 

valley  of  Mississippi.    G.  Troost.     ( Trans.  Geol.  Soc. 

Pennsylvania,  i,  248-250,  1835.) 
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Silurian,  cofUinued — 

Oxark  series.    O.  O.  Broadhead.    (Ameriean    Geologist^ 

Till,  33-35,  1891.) 
Piileontology  of  niinois.    F.  B.  Meek  and  A.  H.  Worthen. 

( Illinois  Geo).  Sor.,  iii,  289-565, 1868.) 
Paleontology  of  MissoorL    O.  R.  Keyes.    (  Missooii  Geol. 

Sor.,  IT,  38-42,  1894 ) 
Paleontology  of  MissoarL    G.  R.  Keyes.    (  Misaoiiri  GeoL 

Snr.,  T,  320  pp.,  1894.) 
BUeoniology  of  New  York.    J.  Hall.    (Nat.  Hist.    New 

York,  pt.  Ti,  im  29,  1859.) 
Preliminary  report  on  principal  mincni.    A.  litUMi.     ( Mia- 

sonri  Creol.  8nr.«  1st  and  2nd  Ann.  Bepta.,  pt.  ii.  1-M, 

1855.^ 
Reactions  of  salts  of  lime  and  magneaia,  and  on  forBation 

of  icypsams  and  magneaian  roeka.    T.  8.  Hmnt.       As. 

Jonr.  Sci.«  v  ^  V  xxnn.  365-384,  IS59.> 
Beaarks  on  feology  of  state  of  Mlasoari.    EL  Kia^.      Proe. 

Am.  As.  AdT.  Sei.«  T,  I822P0L  I$5L: 
Report  of  Dr.  W.  P.  Jeaaey.    W.  P.  Jeaaej.    (C  8.  G«oL 

Sar.,  lltk  Ann.  Bepu  8»^U  1891. 
Reporc  of  geolofieal  and  eeoaomie  featarea  of  Ji 

pan^kase  reunion.    R.    H.    L'>afkiidga. 

Keatackj.  357  pp«  1S^^      Compacaoaa  with 

formaiions. 
Report  irf  fe<^«^w«al  sarn^T  of  s:a:e  of  JGasosii.    isr 

I>:4.    G.  C.  Ra:««dk«id.     GeoL  Sar.  Ifisaiarl.  u  754 

pp^.  1ST4 
R^p^>r:  oa  Moa::«a2  eoai:T.     BL  F.  M««k.     M^ssocKri  Ceol, 

Sctr,  U:  aad  ixvi  Axa.  Rep^Uw.  k-  5.  t^liSL  15a^A 
Ri^rsRoa  «>v  p«a  J^>frt2^^$<ea«  par:   L    C.  Waek^Kssk  am^ 

F.  STCiadper.      Ft>x*    Acai.  yA;^  S<l«  FkfTsa    :::36^^:r^ 

P^K*.  A«i.  y  a:.  S*!w  PUaw  177-41:4. 
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Silurian,  continued — 

EevisioD  of  palsBOorinoidea,  part  3,  section  1.    0.  Waoh- 

smath  and  F.  Sprioger.    (Proc.  Aoad.  Nat.  Soi.,  Phila., 

225-364,  1885.) 
EeviBion  of  paleeocrinoidea,  part  3,  section  2.    0.  Waoh- 

smnth  and  F.  Springer.    (Proo.  Acad.  Nat.  Sci.,  Phila., 

64-226, 1886.) 
Some  forms  of  ore  deposits  in  limestones.    Q.  Henrich. 

(Eog.and  Aiin.  Jonr.,  xlyi,  368  369,  1888.) 
Sontheast  Missonri  lead  district.   0. 0.  Broadhead.  (Trans. 

Am.  Inst.  Min.  Eng.,  y,  lOO-IOT,  1877.) 
Stady  of  cherts  of  Missonri.    E.  O.  Hovey.    (Am.  Jonr. 

Sci.,  (3),  XL\IIT,  40L-409, 1894.) 
Vertical    section  of    silnrian    strata  of  Gape  Oirardean 

connty.    B.  F.  Shnmard.    (Trans.    St.   Lonis   Acad. 

Soi.,  ir,  156,  1863.) 

Sketch  of  geological  history  of  Licking  connty,  accompanying 

an  illustrated  catalogue  of  carboniferous  fossils  from  Flint 

Bidge,  Ohio.    G.  L.   Herrick.    (Bull.  Sci.  Lab.  Denison 

Univ.,  II,  5-70,  1887.) 

Sketch  of  geology  of  Missouri.    O.  0.  Broadhead.    (Missonri 

Board  Agriculture,  Eighteenth  Bep.,  1885,  250-259, 1886.) 
Smith,  Chas.  A.    Beport  on  strength  of  building  materials. 
(Missonri  Geological  Survey,  1  vol.,  pt.  ii,  pp.  403-413,  New 
York,  1873.)    Gives  results  on  a  number  of  Missouri  rocks. 
Smith,  J.  L .     Description  of  Bochester,  Warrenton and  Oynth- 
iana  meteoric  stones,  which  fell  respectively  December 
2Lst,  1876,  January  3rd,  1877,  and  January  23, 1877;   with 
some  remarks  on  previous  falls  of  meteorites  in  same 
regions.    (Am.  Jour.  Sci.,  (3),  vol.   xiv,  pp.  222-224,  New 
Haven,  1877.) 
Smith,  J.  L.    Examination  of  Waconda  meteoric  stone,  Bates 
county,  Missouri ;  and  Bockingham  county  meteoric  iron. 
(Am.  Jour.  Sci.,  (3),  vol.  xiii,  p.  213^  New  Haven,   1877.) 
Iron  is  described  and  results  of  analysis  are  given. 
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Smith,  J.  L.    Note  on  recent  fall  of  three  meteoritic  stones  in 
Indiana,  Missooii  and  Kentucky.    (Am.  Jonr.  8c!.,  (3),  vol. 
XIII,  p.  243,  New  Haven,   1877.)    One  fell  at  lat.  aS""    57' 
long.  9^^  10'. 
Smithsonite.    (See  Carbonates.) 

Smyth,  B.  B.    Age  of  Kansas.    (Trans.  Kansas  Acad.  Sci.,  vol. 
IX,  pp.  129-136,  Topeka,  1RS4.)    Incidental  references   to 
Missouri. 
Soils. 

Bevier  sheet.    C.  H.  Gordon.    (  Missouri  Geol.  Snr.,  ix. 

Sheet  Report  No.  2,  85  pp.,  1893.) 
Distribution  of  titanic  oxide  upon  surface  of  earth.     F.  P. 

Dunnington.      (Am.  Jour.  Sci.,  (.3),  xi«ii,    4  92-495^ 

I89n 
Essi^  on  primitive  soils.    J.  E.  Ware.    (  Missouri  A^picnl- 

tural  Board,  Fifth  Kept.,  57-63,  1870.) 
First  and  second  annual  reports  of  geological  survey  of 

Missouri.    G.  C.  Swallow.    (  Missouri  Geol.  Snr.,  450 

pp.,  1855.) 
General  description.    G.  C.  Broadhead.    (  Missouri   G«ol. 

Snr.,  1,  4a  44,  1S74.) 
Higginsville  sheet,  Lifdiyette  county.    A.  Winslow.     (  Mis- 
souri Geol.  Sur..  ix.  Sheet  Report  No.  U  99  pp^  1892.) 
Iron  Mountain  sheet.    A.  Winslow.    v  Mtssouri  Geol.  Sor., 

IX.  Sheet  Report  No.  3.  97  pp.,  1894.) 
Missouri  soils.    G.  C.  Swallow.      Missouri  Broad  Agric al- 
lure. Fifteenth  Rep.,  1880-1.  277381,  1881. 
Nomenclature  and  classification  of  soils.    G.  C.  Swallow. 
Missouri    Bjard    Agriculture.  Thirteenth    Rep.,  for 

187S,  152-169,  1S79. 
Primitive  origin   of  soilsL      J.   \T.   Spencer.      ( Missouri 

Board    Agriculture.  Eighteenth    R^p.   1885.  380-390, 

1885. 
Relation  of  soils  of  Missouri  to  geology.    G.  G.  Broadhend. 
Missouri  State  Tniv.,  Ann.  R?p.,  for  1883-4,  T2.79» 

IS>4.' 
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Soils,  continued — 

Report  of  professor  Shallow  on  agricaltaral  and  mechani- 
cal college.  ( Missoari  State  Univ.,  Ann.  Rep.  for 
187 J,  81-105,  1872.)    Analyses  given. 

View  of  lead  mines  of  Missoari.    H.  R.  Schoolcraft.    ( One 
volame,  299  pp.,  New  York,  1819.) 
Soils,  essay  on  primitive.    J.  E.  Ware.    ( Missoari  Agrical- 
taral Board,  Fifth  Kept.,  57-63,  1870.) 
Sources  of  iron-ore  sapply,  prominent.  J.  Birkinbine.  (Trans. 

Am.  Inst.  Min.  Eng.,  xvi,  715-729,  1889.) 
Soutlieast  Missoari  lead  district.    G.  G.  Broadhead.    (Eng. 

and  Min.  Joar.,  xxii,  59  60,  1875.) 
Southeast  Missoari  lead  district.     G.  G.  Broadhead.    ( Trans. 

Am.  Inst.  Min.  Eog.,  v,  100- 107,  1877.) 
Southeast  Missoari,  marbles.    O.   G.   Broadhead.     ( Kansas 

City  Rev.  Sol.  and  Ind.,  v,  523537,  1882.) 
Spencer,  H.  G.    Oomposition   of  cleansed   ores  of  lead  and 

zinc  at  Aarora,  Missoari.    (Ball.  Missoari  Min.  Glab,  vol. 

I,  pp.  2832,  Rolla,  1895.) 
Spencer,  H.  G.     Gomposltion  of  cleansed  ores  of  sonthwest 

Missoari.    (Ball.  Missoari  Min.  Glab,  vol.  i.  No.  2,  pp.  50- 

51,  Rolla,  1895.) 
Spencer,  J.  W.     Hammocks  and  bowlders  of  decomposition 

in  sontheastern  Missoari.    (  American  Nataralist,  vol.  xxi, 

pp.  366368,  1887.) 
Spencer,  J.  W,    Primitive   origin  of  soils.    (  Missoari   Board 

Agricaltare,  Eighteenth  Rep.  1885,  pp.  3S0-390,  1885.) 
Spencer,  J.  W.     Sand-bowlders  in  drift,  or  snbaqaeoas  origin 

of  drift  in   central   Missoari.    ( Americaa  Naturalist,  vol. 

XXI,  pp.  917-923,  1887.) 
Spencer,  J.  W.     S«knd-bowlders  in  drift,  or  snbaqaeoas  origin 

of  drift  in  central  Missoari.    ( Proc.  Am.  As.  Adv.    Sci., 

vol.  XXXVI,  p.  220,  1887.) 
Sphaerodoma  ;  a  genns  of  fossil  gasteropods.    G.  R.  Keyes. 

( Proc.  Acad.  Nat.  Sci.,  Phila.,  1889,  303309, 1889.) 
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Spirifer,  Bellerophon,  PleoronMuia,  Xmerochilai,  yfttieB  and 

Lozonema,  descriptions  of  eight  new  chanieteristic  species. 

J.  G.  Norwood  snd  H.  Prstten.    ( Jour.  Aesd.  Ssu    Sci., 

Phils^  (2),  III,  71-78,  1854.) 
Spirifer  caspidstus,  Sowerby,  sod  simiUr  Americsn  forms, 

microscopic  shell  straetore.    F.  B.  Meek.    ( Proc  Acad. 

Xst  Sci.,  Phils.,  18^,  276-278,  1865.) 
Sperlfer  lioestos,  some  new  Tsrieties.   G.  G.  Swallow.    ( Trans. 

St  Loois  Acsd.  Sci.,  ii,  408-411,  1866.) 
8pons:es. 

Descriptions  of  invertebrates  from  carboniferoos  system. 

F*  B.  Meek  and  A*  H.  Worthen.    ( Illinois  Geol.  8ar.. 
II,  143  423,  1886.) 

Paleontology  of  Missouri.    G.  R.  K^'yes.    ( Missonri  Geol . 
Sur.,  IV,  103,  1894.) 
Springer,  Frank.,  G.  Wachsmnth  and.    New  species  of  crin- 

oides  and  b1a«toids.    ( Illinois  Geol.  Snr.,  toI,  yiii,  pp.  155- 

208,  Springfield,  1890.) 
Springer,  Frank,  Gharles  Wachsmnth  and.    North  American 

crinoidea  camerata.    (  Memoirs  Mas.  Gomp.  Zool.,  vol.  — , 

pp. ,  83  plater,  Gambridge,  1895.)    Many  species  are 

described  and  figured  from  Missonri  and  many  others  re- 
corded from  different  parts  of  the  state. 
Springer,  Frank,   G.  Wachsmath    and.     Revision    of  pal^o- 

crinoiadea,  part  1.    ( Proc.  Acad.  Nat.  Sci.,  Phila.,  1879,  pp. 

226  379,  Philadelphia,  1879.)    The  crinoids  of  Missonri  are 

listed,  with  localities. 
Springer,  Frank,    G.  Wachsmath  and.     Revision    of   palaeo- 

crinoidea,  part  2.    (  Proc.  Acad.  Nat.  Sci ,  Phila.,   1881,  pp. 

177-414,  Philadelphia,  1881.)    Ttie  crinoids  of  Missonri  are 

listed,  with  localities. 
Springer,  Frank,     Charles   Wachsmath    and.      Revision    of 

palteocrinoidea,  part  3,  section  1.    (Proc.  Acad.  Nat.  Sci., 

Phila.,   1885,  pp.  225  364,  Philadelphia,    1885.)    The    cri- 

noids  of  Missoari  are  listed,  with  localities. 
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Springer  Frank,  Oharles  Wachsmnth  and.  Bevision  of  pal»o- 
criQoidea,  part  3,  seotion  2.  (Proo.  Aoad.  Nat.  Soi.,  Phila., 
1886,  pp.  65-226,  Philadelphia,  1886. )  The  crinoids  of  MiB- 
soari  are  listed,  with  localities. 
Springs:  Inflaence  of  stratigraphy  on  their  emergence,  as 
illastrated  in  the  Ozark  uplift.  T.  0.  Hopkins.  (Ameri- 
can Oeologist,  XIY,  365-368, 1894.) 
Springs,  mineraL    O.  0.   Broadhead.    (  Oeol.  Bar.  Missouri, 

I,  701-705,  1874.) 
Statistics  in  regard  to  Missouri  coal  product.    J.  A.  Jones. 
(Bep.  Mining  Industry  in  U.  S.  at  llth   census,  1890,  386- 
389, 1892.) 
Stoddard,  Amos.     Description  of  lead  mines  in  upper  Louis- 
iana.   (Eighth  Gong.,  2nd  Sess.,  No.  103,  vol.  i,  pp.  188191, 
Washington,  1804.)    A  discription  is  given  of  the  number, 
extent  and  location  of  the  mines  in  the  area  now  included 
in  Missouri. 
Stoddard  County. 

Dictionary  of  altitudes.    G.  F.  Marbut.    (Missouri  Oeol. 

Bur.,  Yiii,  225-316,  1895.) 
Iron  ores.    F.  L.  Nason.    (Missouri  Geo!.  Bur.,  ii,  263-266, 

1893.) 
Iron  ores  of  southeastern  Missouri.    P.  N.  Moore.    (Oeol. 

Bur.  Missouri,  Bep.  1873  74,  i,  638-671, 1874.) 
Stone  County. 

Description  of  Marble  cave,  Missouri.    J.  B.  Emery.    (Kan- 
sas Gity  Bev.  Bci.  and  Ind.,  viii,  614-623,  1885.) 
Devonian  series  in  southwestern  Missouri.    O.  H.  Hershey. 

(American  Geologist,  xvi,  294-300, 1895.) 
Lead  and  zinc  deposits.    A.  Winslow.    (Missouri  Oeol. 

Bur.,  VII,  401  pp.,  1895.) 
Lead  and  zinc  regions  of  southwest  Missouri.    A.  Bchmidt 

and  A.  Leonhard.    ( Oeol.  Bur.  Missouri,  Bep.  1873-74, 

1,381-502,1874.) 
Bemarks  on  fine  skeleton  of  mastodon  seen  at  Galena,  Mo. 

B.  Desor.     (Proc.  Boston  Boc.  Nat.  Hist.,  iii,  207, 

1849.) 
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Stones  for  building  aod  decoration.      G.  P.  Merrill.      (One 

volume,  453  pp.,  New  York,  1891.) 
Story  of  Mississippi-Misaoun.    E.  W.  Olaypole.    (American 

Geologist,  III,  36L-378,  1889.) 
Stratigraphic  catalogue  of  Missouri  fossils.     0.  E.  Keyee. 

( Missouri  Geol.  Bur.,  iv,  24t<264, 1894.) 
Stratigraphy  and  correlation  of  carboniferous  formations.     E. 

Ha  worth.    ( University  Geol.  Bur.  Kansas,  i,  145-193, 1896.) 
Strlatlon  of  rocks  by  river  ice.    J.  E.  Todd.    ( Proc.   Iowa 

Acad.  Bci.,  i,  pt.  ii,  19-20,  1892.) 
Striation  of  rock  by  river  ice.    J.  E.  Todd.    (  American  Geo- 
logist, IX,  396-400, 1892 ) 
Structure  of  mystic  coal  basin.    H.  F.  Bain.    ( Proc.  Iowa 

Acad.  Bci.,  i,  pt.  iv,  33-36,  1894.) 
Stuart,  Alban.    Geological  section  at  Providence,  Missonrf. 

(Kansas  Univ.  Quart,  vol.  iv,  pp.  161-162, Lawrence,  1896.) 

A  brief  description  is  given  of  the  different  formations  and 

the  fossils  contained. 
Studies  of  Melonites  multiporus.    R.  T.  Jackson  and  T.  A. 

Jaggar,  Jr.    (  Bull.  Geol.  Boc.  America,  vii,  135-170, 1896.) 
Studies  of  palsBechinoidea.    B.  T.  Jackson.    (Bull.  Geol.  Soc. 

America,  vii,  171  254, 1896.) 
Study  of  cherts  of  Missouri.    E.  O.  Hovey.    (Am.  Jour.  Sci., 

(3),  XLVIII,  401409,  1894.) 
Study  of  cherts  of  Missouri.    E.  O.  Hovey.    (  Missouri  Geol. 

Bur.,  VII,  727-739,  1894.) 
Sub-carboniferous  Kansas.      E.  Haworth.     (Kansas  Oity 

Eev.  Sci.  and  Ind.,  v,  669  076,  1882.) 
Sub-carboniferous  limestone.    A.  H.  Worthen.    ( Geol.  Bar. 

Illinois,  I,  77  118,  1866.) 
Sub-c-irboniferous  series  at  Sedalia.  F.  A. Bampson.  (Trans. 

N.  Y.  Acad.  Sci.,  vii,  246  247,  1888.) 
Submersion    and  emergence  of  southeastern  Kansas  from 

carboniferous  seas,  or  those  affecting  the  carboniferoas 

formations  in  Kansas.     E.  P.  West.  ( Trans.  Kansas  Acad. 

Bci.,  IX,  106-109,  1884.) 
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Succession  of  foesil  faanas  at  Springfield,  Missoari.     8.  Wei- 

ler.    (  Am.  Jour.  Sci ,  ( 3 ),  XLix,  186-199,  1895.) 
Sullivan  County. 

Goal  beds.    A.  Wioslow.    (  MUsouri  Oeol.  8ur.,  i,  58  59, 

1891.) 
Dictionary  of  altitudes.    0.  F.  Marbut.    (  Missouri  Oeol. 

Sur.,  Vli£,  226-316,  1886.) 
Formation  of  quaternary   deposits.    J.   E.  Todd.    ( Mis- 
souri Geol.  Sur.,  x,  177,  1896.) 
Geological  description.      O.  0.  Broadhead.      (  Missouri 

Geol.  Sur.,  i,  227-241,  1874.) 
Sulphates. 

Barite  crystals  from  Last  Obance  mine,  Morgan  county, 

Missouri.    O.  0.   Broadhead.    (Am.  Jour.   Sci.,  (3), 

Xlll,  419  420, 1877.) 
Mineralogioal  notes.    O.  A.  Koenig.    (Proc.  Acad.  Nat. 

Sci.,  Phila.,  156,  1876.) 
Notes  on  ferro-goslarite,  a  new  variety  of  zinc  sulphate. 

H.  A.  Wheeler.    (  Am.  Jour.  Sci.,  (3),  XLi,  212,  1891.) 
Notes  on  mineralogy  of  Missouri.  A.  V.  Leonhard.  (Trans. 

Aoad.  Sci.  St.  Louis,  iv,  440-463, 1884 ) 
Notes  on    Missouri  barite.      G.   Luedeking  and   H.   A. 

Wheeler.    (  Am.  Jour.  Sci.,  ( 3 ),  XLii,  496-498,  1891.) 
Pickeringite  from  Missouri.    G.  C.  Broadhead.  (  Am  Jour. 

Sci.,  (3),  VIT,  520,  1874.) 
Plumbo-resinite  and  cupreous  sulphato-carbonate  of  lead 

in  Missouri.    J.  L.  LeOonte.    (Am.  Jour.  Sci.,  (2),  iii, 

117,  1847.) 
Sulphides. 

Oobalt  in  Missouri.    G.  Troost.    (  Am.  Jour.  Sci.,  (1),  xii, 

378,  1827.) 

Geological  report  on  Mine  la  Motte  estate,  the  property 
of  Rowland  Hazard,  situated  in  St.  Francois  and  Madi- 
son counties,  Missouri.  J.  E.  Mills.  (One  volume, 
51  pp..  New  York,  1877.) 

Occurrence  of  milleiite  in  St.  Louis.  A.  V.  Leonard. 
(Trans.  Acad.  Sci.  St.  Louis,  iv,  493-496,  1884.) 
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Sulphides,  continued — 

Sarface  geology  of  basin  of  txreat  lakes  and  valley  of  Mis- 
(iesippi.    J.  S.  Newberry.    (American  Nataraliat,  iv, 
193  215,  1870.) 
Sarface  geology  of  basin  of  Great  lakes,  and  valley  of 
Mississippi.    J.  8.  Newberry.    (Annals  N.  T.  Lyceam 
Nat.  Hist,  IX,  213-235. 1869 ) 
Surface  geology  of  basin  of  Great  lakes,  notes.    J.  S.   New- 
berry.   (Proc.  Boston  Soc.  Nat.  Hist,  ix,  42-47, 1862.) 
Surface  geology  of  southwest  Missouri  and  southeast  Kansas, 
notes.    G.  0.  Broadhead.    (Kansas  City  Bev.  Sol.  and 
Ind.,  Ill,  460461,  1879.) 
Surface  relief  (see  topography.) 

Physical  geography  of  Missouri.    G.  0.  Swallow.    (First 
Ann.  Bep.  of   Commissioner  of  Statistics,  1886,    97- 
123,  1867.) 
Mine  la  Motte  sheet.    0.  B.  Keyes.    (Missouri  Geol.  Sar., 
IX,  Sheet  4,  132  pp.,  and  topographic  and  geological 
map,  1896.) 
Swallow,  G.  C.  Appendix  [to  annual  report].  (Missouri  Geolopri- 
cal  Survey,  First  and  Second  Annual  Beports,  pt.  ii,  pp.  209- 
239,  Jefferson  Oity,  1855.)  Contains  as  subdivisions :    ("a J 
What  is  known  of  our  Geology,  fbj  Uses  of  Fossils,  and 
Catalogue  of  Species,  foj  Trees  and  Shrubs. 
Swallow,  G.  C.     Descriptions  of  new  fossils  from  carbonifer- 
ous and  devonian  of  Missouri.    ( Trans.  St.  Louis  Acad. 
Sci.,  vol.  I,  pp.  6)5-651,  St.  Louis,  1860.)    Many  forms  are 
described  from  the  state. 
Swallow,  G.  C.     Descriptions  of  some  new   fossils  from  the 
carboniferous  and  devonian  rocks  of  Missouri.    (Trans. 
St.  Louis  Acad.  Sci.,  vol.  ii,  pp.  8110L,  St.  Louis,  1863.) 
Swallow,  G.  C,     Explanations  of  geological  map  of  Missoari 
and  a  section  of  its  rocks.    (Proc.   Am.  As.   Adv.   Sci., 
vol.  XI,  pp.  1-21,  1  plate,  1857.) 
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Swallow,  G.  C.  First  and  second  annaal  reports  of  the  geo- 
logical sarvey  of  Missoari.  ( Missoari  Geological  Sarvey, 
450  pp.,  20  pis.,  5  maps,  Jefferson  Oity,  1855.)  Oontents : 
First  Annnal  Report,  Administrative.  Second  Annual 
Report:  Introdaction.  Parti:  Chapter  I,  Geology  of 
Missoari.  Chapter  11,  Eoonomical  Geology,  Soils.  Chap- 
ter III,  Report  on  Marion  coonty.  Chapter  IV,  Re- 
port on  Cooper  coontj.  Chapter  V,  Geology  of  the 
soQthwest.  Part  11:  Report  on  Lead  Mines  and  Mining 
of  Soatheast  Missoari  in  the  coanties  of  Franklin,  Jeffer- 
son, Washington,  St.  Francois  and  Madison,  by  A.  Litton. 
Report  on  Moniteaa  coanty,  by  P.  B.  Meek.  Descriptions 
of  the  formations  along  the  Hannibal  and  St.  Joseph  rail- 
road, with  a  catalogue  of  fossils  collected,  by  F.  Hawn. 
Geological  Section  on  the  Mississippi  River ;  report  on 
Franklin  coanty;  report  on  St.  Lonis  coanty;  Paleon- 
tology, inclading  a  description  of  48  new  species  of  fossils, 
with  three  plates  of  same,  all  by  B.  F.  Shamard.  Appen- 
dix contains  a  list  of  pablioations  previously  made  relat- 
ing to  the  Geology  of  Missoari ;  a  paper  on  the  use  of 
fossils;  a  catalogue  of  the  fossils  of  Missouri;  list  of  trees 
and  shrubs;  and  a  glossary  of  geological  and  other  scien- 
tific terms. 

Swallow,  G.  C.  [  Fifth  ]  report  of  progress  of  geological  sur- 
vey. (Twenty-first  General  Assembly  of  Missouri,  Ist 
Session,  Appendix  to  Journals,  pp.  521-533,  Jefferson  City, 
1861.)  '  A  statement  of  operations  during  the  years  1859 
and  1860,  with  a  brief  reference  to  the  results  reached 
concerning  the  coal,  lead  and  iron  deposits  and  the  soils 
of  the  state.  In  the  report  the  results  of  the  survey  up  to 
that  time  are  given  in  tabular  form. 

Swallow,  G.  C.  [  Fourth  J  report  of  progress  of  geological 
survey.  (Twentieth  General  Assembly  of  Missouri,  1st 
Session,  Appendix  to  Journals,  pp.  97-106,  Jefferson  City, 
1859)    A  short  account  of  work  done. 
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Swallow,  G.  C.  Oeologioal  report  of  coantry  aloDg  line  of 
soathwestern  branch  of  Pacific  railroad,  state  of  Missoari. 
( Pamphlet,  99  pp.,  several  plates  and  map,  St.  Loais,  1859.) 
A  general  account  of  the  resources  along  the  line  of  the 
railroad.  A  somewhat  fuller  report  was  pablished  by  the 
Pacific  Railroad  Company  in  New  York. 

Swallow,  G.  C.  Missoari  soils.  (  Missoari  Board  Agricultare, 
Fifteenth  Bep.,  18S0  1,  pp.  277-281,  1881.) 

Swallow,  G.  C.  Nomenclature  and  classifications  of  soils. 
(Missouri  Board  Agriculture,  Thirteenth  Bep.,  for  1878^ 
pp.  1521 69,  1879.) 

Swallow,  G.  C.  Physical  geography  of  Missouri.  (Missoari 
Board  Agriculture,  Second  Bep.  1866,  pp.  58-96,  1867.) 
From  the  unpublished  notes  of  the  geological  survey. 

Swallow,  G.  C.  Physical  geography  of  Missouri.  ( First  Ann. 
Bep.  Oommissloner  of  Statistics,  1876,  pp.  97-125,  1876.) 
From  unpublished  notes  of  the  geological  survey. 

Swallow,  G.  C.  Quaternary  deposits  of  Missouri.  (Proc.  Am. 
As.  Adv.  Sci.,  vol.  xr,  pp.  'Jl-40,  1857.) 

Swallow,  G.  C.  Bemarks  on  on  geological  map  and  section  of 
rocks  of  Missouri.  (Proc.  Am.  As.  Adv.  Sci.,  vol.  xx,  p. 
262,  1871.) 

Swallow,  G.  C.  Bemarks  on  geological  map  and  section  of 
rocks  of  Missouri.  (American  Naturalist,  vol.  v,  pp.  541- 
542,  1871.) 

Swallow,  G.  C.  Beport  of  Prof.  Swallow  on  the  agricnltaral 
and  mechanical  college.  (Missoari  State  Univ.,  Ann.  Bep. 
for  1871,  pp.  81-105,  1872.)  Descriptions  and  analyses  of 
the  soils  of  Missouri  are  given. 

Swallow,  G.C.  Some  new  varieties  of  Spirifer  lineatus. 
(Trans.  St.  Louis  Acad.  Sci.,  vol.  ii,  pp.  408-411,  St.  Loais, 
1866.) 

Swallow,  G.  C.  [Third]  report  of  geological  survey  of  Mis- 
souri. (Nineteenth  General  Assembly  of  Missouri,  Ist 
Session,  Appendix  to  Journals,  pp.  247-25i,  Jefferson 
Gitj,  1857.)     A  brief  statement  of  operations. 
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Swallow,  G.  C,  B.F.  Shomard  and.    Ddscriptions  of  new  fos- 
silB  from  coal  measares  of  Missonri  and  Kansas.    (Trans. 
St.  Loais  Acad.  Sci.,  vol.  i,  pp.  198-220,  St.  Lonis,  1858.) 
Synonymic  indexical  list  of  fossils  of  Missouri.    G.  B.  Keyes. 

(Afissouri  Oeol.  Sar.,y,  241-266,  1894.) 
Synopsis  of  American  carbonic   calyptraBidsB.    G.  B.  Keyes. 

(Pfoc.  Acad.  Nat.  Sci.,  Pdila.,  1890, 150181,  1890.) 
Synopsis  of  American   paleozoic  echinoids.      G.  B.  Keyes. 

(Proc.  Iowa  Acad.  Sci.,  ii,  17S-194,  1895.) 
Syringothyris,  Winchell,  and  its  American  species.  G.  Schuch- 
ert.    (Ninth  Add.  Bep.  State  Geologist  New  York,  28-38, 
1890.) 
Tseniopteroid  fern  and  its    allies.      D.  White.    (Ball.  Oeol. 

Soc.  America,  iv,  119  132,  1893.) 
Taney  County. 

American  meteorites.    6.  F.  Kanz.    (Am.  Jonr.  Sci.,  (3), 

XXIV,  4674 78,  1887.) 
Gherts  of  Missonri.    E.  O.  Hovey.    (  Missonri  Oeol.  Snr., 

VII,  727739,  1894.) 
DescriptioDS    of    new    fossils    from    carboniferons    and 
devoDian  of  Missonri.    O.  G.  Swallow.    ( TraDS.  St. 
Lonis  Acad.  Sci.,  i,  635651, 1860.) 
Haodbook  aDd  catalogue  of  meteoric  collection.    O.  G. 
Oliver.    ( Field  Golambian  Mns.,  Oeol.  Ser.,  i,  65  pp., 
1895.) 
Lead  and  zinc  deposits.     A.  Winslow.    (Missonri  Oeol. 
Sur.,  VII,  401  pp.,  1895.) 
Tertiary. 

Annual  report  of  state  geologist  for  1894.    G.  B.  Keyes. 

( Missonri  Oeol.  Sar.,  viii,  406  pp.,  1895.) 
Gharacteristics  of  Ozark  moantains.    G.  B.  Keyes.    (  Mis- 
souri Oeol.  Sur.,  viii,  317-352,  1895.) 
Geological  history  of  gulf  of  Mexico.      E.  W.  Hilgard. 

( American  Naturalist,  vi,  514-524, 1871.) 
Preface  [to  geology  of  Growley's  ridge.]     J.  G.  Branner. 
(Arkansas  Oeol.  Sur.,  Ann.  Bep.  18S9,  ii,  9- 19,  1891.) 
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Tertiary,  continued — 

Tertiary  silioified  woods  of  eastern  Arkansas.     B.  E.  GalK 
(  Am.  Joar.  Sei.,  (3),  xvn,  390-40L,  1891.) 
Tertiary  silicified  woods  of  eastern  Arlcansas.     B.  E.  Call. 

( Am.  Jour.  Sci.,  (3),  xvii,  390-401,  1891.) 
Texas  County. 

Dictionary  of  altitudes.    G.  F.  Marbnt.    ( Missouri  Geol. 

Snr.,  Yiii,  225-316, 1895.) 

Iron  ores.    F.  L.  Nason.    ( MiS9oari  Geol.  Sar.,  ii,  230, 
1892.) 

Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri  GeoL 
Snr.,  Yii,  401  pp.,  1895.) 
Thiolcness  of  Missouri  coal  measures.      G.  G.  Broadhead. 

(Kansas  Gity  Bev.  Soi.  and  Ind.,  i,  392393, 1877.) 
Thiclcness  of  paleozoic  rocks  in  Mississippi  basin.    G.    B» 

Keyes.    ( American  Geologist,  xvii,  161-173, 1896.) 
Tliird  report  of  progress  of  geological  survey  of  Missoari. 

G.  G.  Swallow.    ( Nineteenth  Gen.  Assem.  Missouri,  l8t» 

Sess.,  App.,  Jour.,  247-254,  1857.) 
Third  series  of  descriptions  of  bryozoa  from  paleozoic  rooks 

of  western  states  and  territories.    H.  A.  Front.    (Trans.. 

Acad.  Sci.,  St.  Louis,  i,  443-453,  1859.) 
Tiffin,  Edward.     Lead  mines  in  Louisiana  territory.  (Twelfth 

Oong.,  Ist  Sess.,  vol.  ii.  No.  201,  p.  380,  Washington,  1812.) 

A  report  on  the  lead  mining  of  the  Missouri  region  is 

given. 
Titanic  oxide  upon  surface  of  earth,  distribution.     F.  P.  Dun- 

nington.    (  Am.  Jour.  Sci.,  ( 3 ),  XLii,  492-495, 1891.) 
Todd,  James  E.     Annual   deposit  of  Missouri  river,  during^ 

post-pliocene.    (Proc.  Am.  As.  Adv.  Sci.,  vol.  xxvi,  pp» 

289  294,  1877.) 
Todd,  James  E.     Formation  of  quaternary  deposits.     (  Mis- 
souri Geol.  Snr ,  vol.  x,  pp.  111-,219,  8  plates,  Jefferson  Oity,, 

1896 )    A  full  description  of  the  drift  deposits  is  given. 
Todd,  James  E.     PJeistocene   problems  in   Missouri.    (  Ball. 

Geol.  Soc.  America,  vol.  v,  pp.  531-548,  Rochester,  1894.> 
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Todd,  James  E.     QaaterDary  geology.    ( MisBonri  Geo!.  Sur., 
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posits of  the  Missoari.    ( Pr oc.  Am.  As.  Adv.  Sci.,  vol. 
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Topography,  continued — 
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Travels  in  interior  of  America  in  years  1809,  1810  aad  1811. 

J.  Bradbory.    ( One  volnme,  199-200,  1817.) 
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ernment of  the  United  States  in  the  years  1804,  1805  and 
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Trilobltes. 

Descriptions  of  new  fossils  from  coal  measures  of  Mis- 
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p.  378,  New  Haven,  1827.) 

Troost,  G.  Organic  remains  which  characterize  the  transition 
series  of  valley  of  Mississippi.  ( Trans.  Geol.  Soc.  Penn- 
sylvania, vol.  I,  pt.  ii,  pp.  248-250,  1835.)  List  of  49  species 
of  fossils  is  given. 

Trobridge,  S.  H.  Remarks  on  classification  and  distribation 
of  Prodacti.  ( Proc.  Am.  As.  Adv.  Sci.,  vol.  xxx,  pp.  193- 
295, 1881.)  Describes  the  external  stractaral  featares  and 
the  species  to  be  recognized. 

Ueber  das  Carbon  des  Mississippithales.  0.  B.  Eeyes.  (Neaes 
Jahrbach  far  Min.,  Geol.  and  Pal,  Jahrg.  1896, 1,96-110, 
1896.) 
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Missoari  species  are  described. 
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Vertebrates. 
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covered in  North  America.    B.  Harlan.    ( Trans.  Geol. 

Soc.  Pennsylvania,  i,  46-112,  1834.) 
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Vertebrates,  continued — 
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A.  Adams.    (  Am.  Jonr.  Sci.,  ( 1 ),  XLiv,  200-203,  1843.) 
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Vertebrates,  continued — 
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Vertebrates,  continued — 
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Missouri    river,    in    1817.     H.    M.    Breckenrid^e.     { One 
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Sci.,  (  2 ),  vol.  I,  pp.  197-198.  San  Francisco,  1896.)     Proteus 

placidus  is  described  as  new  from  Providence. 
Vogdes.  A.  W.    Some  new  Sedalia  trilobites.   ( Trans.  St.  Loais 
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155  208,  Springfield,  1890.)     Several  species  mentioned  as 

found  in  Missouri. 
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Snr.,  Bull.  81,  pp.  199-302, 1891.)  Short  summary  of  litera- 
ture on  Cambrian  of  the  state. 

Walcott,  C.  D.  Fauna  of  lower  cambrian  or  Olenellns  zone. 
(  U.  S.  Oeol.  Sur.,  10th  Ann.  Rep.,  pp.  509-658,  Washington, 
1890.)    General  references  to  the  Cambrian  of  the  state. 
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Ward,  Lester  F.  Geographical  distribntion  of  fossil  plants. 
(U.  8.  Oeol.  Sar„  Eighth  Add.  Bept.,  pt.  ii,  p.  896,  Wash- 
ington, 1889.)  This  is  a  brief  Bammary  of  ^^hat  has  been 
published  regarding  the  foeail  plants  of  the  state.  The 
total  namber  is  over  90  species. 

Ware,  J.  E.  Essay  on  primitive  soils.  ( Missoari  Agricaltnral 
Board,  Fifth  Bept.,  pp.  57-63,  J 870)  Special  references 
made  to  grape  cnltare. 

Warren  County. 

Oatalogne    of  meteorites    in  university  collection,    with 

references  to    literature  describing    them,     f  U.    S. 

Grant.]    ( Minnesota  Geol.  Sar.,  19th  Ann.  Bep.,  170- 

192,  1892.) 
Description  of    Rochester,    Warrenton    and    Gjnthiana 

meteroic  stones  ^hich   fell   respectively  December 

21st,  1876,  January  3rd,  1877,  and  January  23rd,  1877, 

with  some  remarks  on  the  previous  falls  of  meteorites 

in  the  same  regions.    J.  L.  Smith.    ( Am.  Joor.  Sci., 

(3),  XIV,  222-224,  1877.) 
Dictionary  of  altitudes.    G.  F.  Marbut.    (Missonri  Oeol. 

Sur.,  Yiil,  225  316, 1895.) 
Formation  of  quaternary  deposits.    J.  E.  Todd.    (  Missoari 

Geol.  Sur.,  x,  160-161, 1896 ) 
Geological  description.    G.  C.  Broadhead.    (Geol.  Snr. 

Missouri,  1855  71,  37-64,  1873.) 
Handbook  and  catalogue  of  meteoric  collection.    O.  O. 

Oliver.    (Field  Columbian  Mus.,  Geol.  Ser.,  i,  65  pp., 

1895.) 
Note  on  recent  fall  of  three  meteoric   stones  in  Indiana, 
'     Missouri  and  Kentucky.    J.   L.   Smith.    ( Am.   Jour. 

Sci.,  (3),  xiii,  p.  243,  1877.) 
Paleontology  of  Missouri.    G.  B.  Keyes.    (  Missouri  Geol. 

Sur.,  V,  320  pp.,  1894.) 
Warren,  G.  K.    Bridging  of  the  Mississippi.    (  U.  S.  Top.  Enf^., 
Ann.  Rep.  for  1888,  App.  x,  p.  916,  Washington,  1878.)    Ref- 
erence is  made  to  geology  of  the  state. 
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Warrenton  and  Gynthiana  meteoric  Btones  which  fell  respec- 
tively December  2l8t,  1876,  Janaary  3rd,  1877,  and  Jan- 
uary 23, 1877,  with  some  remarks  on  the  previous  falls  of 
meteorites  in  the  same  regions.  J.  L.  Smith.  (Am. 
Jour.  Sci.,  (3),  XIV,  222-224,  1877.) 

Washington  County. 

Orystalline  rocks  of  Missouri.    E.  Haworth.    ( Missouri 

Geol.  Sur.,  viii,  81-224,  1896.) 
Dictionary  of  altitudes.    G.  F.  Marbnt.    ( Missouri  Geol. 

Sur.,  Yiii,  2253 16,  1895 ) 
Iron  ores.    F.  L.  Nason.    ( Missouri  Geol.  Sur.,  ii,  267, 

1892.) 
Lead  and  zinc  deposits.     A.  Winslow.    ( Missouri  Geol. 

Sur.,  VII,  40  L  pp.,  J  895.) 
Lead  mines  of  southeast  Missouri.  J.  B.  Gage.  ( Geol.  Sur. 

Missouri,  Bep.  1873  74,  l,  80L-687,  1874.) 
Notes  on  Missouri  mioerals.    E.  Hawortb.    ( Proc.  Iowa 

Acad.  Sci.,  i,  pt.  ii,  33-35,  1892.) 
Occurrence  of  lead  ores  in  Missouri.    J.  B  Gage.    ( Eng. 

and  Min.  Jour.,  xviii,  194  and  209  210, 1874.) 
Preliminary  report  on  principal  mines.    A.  Litton.    (  Mis- 
souri Geol.  Sur.,  1st  and  2ad  Ann.  Bepts.,  pt.  ii,  1-94, 

1885.) 
Southeast  Missouri  lead  district.  G.  0.  Broadhead.   ( Eng. 

and  Min.  Jour.,  xxii,  59-60,  1875) 
Waters. 

Analysis  of  mine   water  from  lead  region  of  southwest 

Missouri.    C.   P.    Williams.     (Trans.   Am.   Chemical 

Soc,  I,  179,  1877.) 
Belcher  and  brother's  artesian  well.    A.  Litton.    (lYans. 

Acad.  Sci.,  St.  Louis,  i,  80-87,  1857.) 
Belcher's  artesian  well  in  St.  Louis.    Anonymous.    (Am. 

Jour.  Sci.,  (2),  XV,  460  463,  1853.) 
Brief  account  of  supplies.    G.  G.  Broadhead.    ( Missouri 

Geol.  Sur.,  i,  37  39,  1874.) 
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Waters,  continued — 

ContribatioDB  from  laboratory  ot  Missouri  school  of  mines 
and  metallurgy.  G.  P.  Williams.  (Missoari  State 
Univ.,  Add.  Bep.  for  1876,  197-212,  1877.)  Analysis  of 
Sweet  SpriDgs  water. 

GoDtribntioDS  from  laboratory  of  state  aDiversity.  P. 
Schweitzer.  (Missouri  State  Uoiv.,  Adu.  Bep.  for 
1874,  160  169,  1875.) 

OoDtributioDs  from  laboratory  of  state  UDiversity.  P. 
Schweitzer.  (Missouri  State  Uuiv.,  Ann.  Bep.  for 
1875,166.193,1875) 

Mioeral  spriogs.  G.  G.  Broadhead.  (Geol.  Snr.  Mis- 
souri, I,  701-705,  1874.) 

Mineral  spriogs  of  Missouri.  G.  G.  Broadhead.  (Mis- 
souri Board  Agriculture,  Secoud  Rep ,  for  1866,  90- 
103,  1867.) 

MiDeral  waters.  P.  Schweitzer.  (Missouri  Oeol.  Snr., 
Ill,  283  pp.,  1892.) 

Mineral  waters  of  Henry,  St.  Glair,  JohnsoD  aDd  Newton 
couDties.  A.  E.  Woodward.  ( Missouri  Oeol.  Sar., 
Bull.  No.  3,  85  101,  1890.) 

Mineral  waters  of  Saline  county.  A.  E.  Woodward. 
( Missouri  Geol.  Sur.,  Bull.  No.  1,  45-69, 1890.) 

Report  of  water  powers  of  region  tributary  to  Mississippi 
river  on  the  west,  below  Dubuque,  Iowa.  D.  Porter. 
( U.  S.  Tenth  Gensus,  xvii,  277428,  1885.) 

Springs:  Influence  of  stratigraphy  on  their  emergence, 
as  illustrated  in  Ozark  uplift.  T.  G.  Hopkins.  (  Amer- 
ican Geologist,  XIV,  365-368,  1894.) 

Water  from  Lebanon.  L.  G.  Eakins.  (U.  S.  Geol.  Sar., 
Bull.  60, 172,  1890.)    Analysis. 

Well  at  insane  asylum,  St.  Louis  county.  G.  G.  Broadhead. 
(Trans.  Acad.  Sci.  St.  Louis,  in,  216-224,  1870.) 
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Water-power  tribatary  to  Mississippi  river  od  the  west,  be- 
low Duboqae,  Iowa.  D.  Porter.  (U.  S.  Tenth  Oensas, 
XVII,  277428, 1885.) 
Waverly  group  and  coal  measures  of  Ohio,  invertebrate  fos- 
sils. F.  B.  Meek.  ( Ohio  Geol.  Sur.,  Pal.,  ii,  pt.  ii,  400 
pp.,  1876.) 
Wayne  County. 

Descriptions  of  new  fossils  from  carboniferous  and  devon- 
ian of  Missouri.    G.  0.  Swallow.    (Trans.  St.  Louis 

Acad.  Sci.,  i,  635-65 1,  I860.) 
Dictionary  of  altitudes.    0.  F.  Marbut.    ( Missouri  Geol. 

Sur.,  viil,  225  316,  J895.) 
Iron  ores.    F.  L.  Nason.    ( Missouri  Geol.  Sur.,  ii,  267-269, 

1892.) 
Iron  ores  southeastern  Missouri.    P.  N.  Moore.    (Geol. 

Sur.  Missouri,  Eep.  1H73.74,  i,  638  671,  1874.) 
Webster  County. 

Dictionary  of  altitudes.    0.  F.  Marbut.    ( Missouri  Geol. 

Sur.,  vili,  225  316,  1896.) 
Lead  and  zinc  deposits.    A.  Winslow.    (Missouri  Geol. 

Sur.,  VII,  401  pp.,  1895.) 
Paleontology  of  Missouri.    0.  B.  Keyes.    ( Missouri  Geol. 

Sur,  IV,  314  pp.,  1894) 
Paleontology  of  Missouri.    0.  B.  Reyes.    ( Missouri  Geol. 

Sur.,  V,  320  pp.,  1894.) 
West,  E.  P.  Last  submersion  and  emergence  of  southeastern 
Kansas  from  the  carboniferous  seas,  or  those  afifecting  the 
carboniferous  formation  in  Kansas.  ( Trans.  Kansas  Acad. 
ScL,  vol.  IX,  pp.  106  109.  Topeka,  1884.)  Has  references 
to  Missouri. 
Well  at  insane  asylum,  St.  Louis  county.    G.   0.  Broadhead. 

(Trans.  Acad.  Sci.  St.  Louis,  iii,  216224,  1870.) 
Welter,  Stuart.  Succession  of  fossil  faunas  at  Springfield, 
Missouri.  (Am.  Jour.  Sci.,  (3),  vol.  XLix,  pp.  185199, 
New^  Haven,  1895.)  Lists  of  fossils  are  given  indicating 
the  different  fannal  zones  represented  in  the  immediate 
vicinity  of  the  town. 
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Welter,  Stuart.  Oircomiasalar  paleozoic  fiaana.  ( Joamal 
Geology,  vol.  iii,  pp.  9029 17,  Chicago,  1896.)  The  Ozark 
region  is  especially  considered. 

Western  Missoari,  gravel  beds.  G.  0.  Broadhead.  (  Kanau 
City  Bev.  8ci.  and  Ind.,  viii,  453464, 1844.) 

Westgate,  Louis  G.  Geographic  development  of  eastern  part 
of  Mississippi  drainage.  (  American  Geologist,  vol.  ^i,  pp. 
246-260,  Minneapolis,  1891.)  • 

What  is  a  geode  f  B.  W.  Haskins.  (  American  Nataralist,  ii, 
496-497,  1869.) 

Wheeler,  H.  A.  Olays  and  shales.  ( Missouri  GeoL  Sar.,  Sheet 
Beport  No.  2,  pp.  67-67,  Jefferson  Oity,  189.3.)  Desoribes 
the  clay  resoarces  of  the  Bevier  sheet  district  and  the 
tests  made  on  certain  shales. 

Wheeler,  H.  A.  Further  notes  on  artificial  lead  silicate  from 
Bonne  Terre,  Mo.  (  Amer.  Jonr.  Sci.,  (3),  xxii,  pp.  262- 
273,  New  Haven,  1889.) 

Wheeler,  H.  A.  Glacial  drift  in  St.  Lonis.  (Trans.  St.  Lionis 
Acad.  Sci.,  vol.  vii,  pp.  121122,  St.  Louis,  1896.)  A  small 
deposit  12  feet  thick  of  till  is  described  as  found  in  excavat- 
ing for  a  sewer  in  St.  Louis. 

Wheeler,  H.  A.    Notes  on  ferro-goslarite,  a  new   variety  of 
zinc  sulphate.    ( Am.  Jour.  Sci.,  (  3),  vol.  xli,  p.  212,  New 
Haven,  1891.)    The  mineral  is  from  Webb  city. 

Wheeler,  H.  A.  Occurrence  of  blende  in  lignite.  (Trans.  St. 
Louis  Acad.  Sci.,  vol.  viT,  pp.  123-126,  St.  Louis,  1895.) 
Blende  is  found  in  lignite  from  the  basal  sandstone  of  the 
Goal  Measures,  and  the  conclusion  is  drawn  that  the  zinc 
of  the  state  was  certainly  not  all  deposited  at  one  time. 

Wheeler,  H.  A.  Becent  additions  to  mineralogy  of  Missouri. 
(  Trans.  St.  Louis  Acad.  Sci.,  vol.  vii,  pp.  126-131,  St.  Louis, 
1895.)  Sixty  species  and  varieties  are  added  to  list  of 
Leonhard  published  ten  years  previously. 
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Wheeler,  H.  A.,  0.  Laedeking  and.  Notes  on  a  Missoari 
barite.  ( Am.  Joar.  Sci.,  ( 3 ),  vol.  XLii,  pp.  496  498,  New 
Haven,  1891.)    Two  varieties  from  Pettis  coanty  described. 

Whipple,  S.  H.  Description  of  mastodon  bones  foand  in  Ben- 
ton connty,  Missoari.  ( Proc.  Am.  Philos.  Soc,  vol.  iv,  pp. 
36-36,  1865.) 

White,  Charles  A.  Description  of  new  species  of  fossils 
from  devonian  and  carboniferoas  rocks  of  Mississippi  val- 
ley. (Proc.  Bdston  Soc.  Nat.  Hist.,  vol.  ix,  pp.  8-32,  Bos- 
ton, 186i)    Missoari  forms  are  described. 

White,  Charles  A.  Fossils  from  carboniferoas  rooks  of  in- 
terior states.  ( U.  S.  Oeol.  and  Oeog.  Sar.  Terr.,  12th 
Ann.  Bep.  1878,  pp.  155-171,  1883.)  Several  species 
described  from  Missoari. 

White,  Charles  A.,  and  B.  P.  Whitfield.  Observations  apon 
rocks  of  Mississippi  valley  which  have  been  referred  to 
Ohemnng  gronp  of  New  York,  together  with  descriptions 
of  new  species  of  fossils  from  same  horizon  at  Barling- 
ton,  Iowa.  ( Proc.  Boston  Soc.  Nat.  Hist.,  vol.  viii,  pp. 
289-316,  Boston,  1862.)    Missoari  forms  are  noted. 

White,  David.  Flora  of  oatlying  carboniferoas  coal  basins  of 
sonthwest  Missoari.  (  TT.  S.  Oeol.  Sar.,  Ball.  98,  139  pp., 
5  pis.,  Washington,  1893.)  A  nnmber  of  ferns  are  de- 
scribed and  figured. 

White,  David.  New  tseaiopteroid  fern  and  its  allies.  (Ball. 
Oeol.  Soc.  America,  vol.  iv,  pp.  1 19*13 i,  1  pi.,  Rochester, 
1893) 

Whitfield,  R.  P.,  0.  A.  White  and.  Observations  npon  rocks 
of  Mississippi  valley  which  have  been  referred  to  Ohe- 
mnng  gronp  of  New  York,  together  with  descriptions  of 
new  species  of  fossils  from  same  horizon  at  Barlington, 
Iowa.  ( Proc.  Boston.  Soc.  Nat.  Hist.,  viii,  289-316,  Bos- 
ton, 1862.)    Missoari  fossils  are  noted. 

Whitney,  J.  D.  Metallic  wealth  of  TTnited  States.  (One  vol- 
ume, 481  pp.,  Philadelphia,  1851.)  Accoants  of  the  Mis- 
soari copper  ores,  pp.  310-312 ;  lead,  pp.  417-421 ;  and  iron, 
pp.  478-481. 
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Whitney,  J.  D.,  J.  W.  Foster  and.  Geology  of  lake  Saperior 
land  district.  (Thirty-first  Oongress,  Special  Sess.,  Ex. 
Doc.  No.  4,  pp.  61-63,  Washington, M851.)  Account  of 
Missouri  ores  is  given. 

Whitney,  J.  D.,  and  M.  E.  Wadsworth.    Azoic  system  and  ita 

« 

proposed  subdivisions.  (Ball.  Mas.  Gomp.  Zool.,  vol.  vn, 
p.  482,  Gambridge,  1884.)  Grystalline  rocks  of  Missoari 
are  noticed. 

Williams,  Albert,  Jr.  Mineral  resoarces  of  United  States. 
(U.S.  Geol.  Sar.,  Statistical  Papers  for  1882,  813  pp., 
Washington,  1883.)  Nameroas  references  to  Missoari 
mineral  products. 

Williams,  Albert,  Jr.  Mineral  resoarces  of  United  States. 
(  U.  S.  Geol.  Sar.,  SUtistical  Papers  for  1883  84,  1016  pp., 
Washington,  18S5.)  Nameroas  references  to  Missoari 
mineral  products. 

Williams,  Charles  P.  Analysis  of  mine  water  from  lead  re- 
gion of  southwest  Missouri.  (Trans.  Am.  Ghemical  Soc, 
vol.  I,  p.  179,  1877.) 

Williams,  Charles  P.  Gontributions  from  laboratory  of  school 
of  mines.  ( Missouri  State  Univ.,  Ann.  Bep.  for  1875,  pp. 
196  208,  1876) 

Williams,  Charles  P.  Gontributions  from  laboratory  of  Mis- 
soari school  of  mines  and  metallurgy.  (Missouri  State 
Univ.,  Ann.  Rep.  for  1876,  pp.  197-212,  1877.)  Contains 
notes  on :  Composition  of  Missouri  leads,  copper  ores  of 
Shannon  county,  some  mineral  species  associated  with 
hematite  ore  at  Backland  bank,  Phelps  county,  Metal- 
lurgical products  from  Mine  la  Motte,  Smithsonite  from 
Dade  county,  Sweet  Springs  water,  Saline  county.  Oxide  of 
ziDc  prepared  from  Missouri  ores. 

Williams,  Charles  P.  Gontributions  to  a  knowledge  of  iron 
ores  of  Missouri.  (Missouri  State  Univ.,  Ann.  Bep.  for 
1872,  pp.  133  147,  1873.)  Contains  analyses  of  many  Mis- 
souri iron  ores. 
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Williams,  H.  S.  Fossil  faunas  of  upper  devonian;  Oennesee 
section,  New  York.  (U.  8.  Geol.  Sar.,  Bull.  41,  183  pp., 
Washiogton,  1877.)  The  equivalency  of  the  Ohouteau  with, 
other  beds  is  noticed. 

Williams,  H.  S.  Origin  of  Ohouteau  fauna.  (Journal  Geol- 
ogy, vol.  IV,  pp.  283-290,  Ohicago,  1896.)  The  origin  of 
the  early  Oarboniferous  faunas  of  Missouri  discussed. 

Williams,  H.  S.  Scope  of  paleontology  and  its  value  to  geolo- 
gists. (American  Geologist,  vol.  x,  pp.  148-169,  Minneapo- 
lis, 1892.)    Incidental  references. 

Williams,  J.  Francis.  Igneous  rooks  of  Arkansas.  ( GeoL 
Bur.  Arkansas,  Ann.  Bep.  1890,  vol.  ii,  456  pp.,  3  maps,. 
Little  Bock,  189 1.)    Beferences  to  crystallines  of  Missouri.. 

Winchell,  Alexander.  Description  of  fossils  from  yellow 
sandstone  lying  below  Burlington  limestone  at  Burlington,. 
Iowa.  (Proc.  Acad.  Nat.  Sci.,  Phila.,  vol.  xv,  pp.  2-25^ 
Philadelphia,  1863.)  A  number  of  species  and  genera  de-- 
scribed  as  new  from  Missouri. 

Winchell,  Alexander.  Descriptions  of  new  species  of  fossiI» 
from  Marshall  group  of  Michigan  and  its  supposed  equiva- 
lent, in  other  states  ;  with  notes  on  some  fossils  of  the  same 
age  previously  described.  (Proc.  Acad.  Nat.  Sci.,  Phila.^ 
1865,  pp.  109134,  Philadelphia,  1865.)  Missouri  species 
are  described. 

Winchell,  Alexander.     Identification  of  Oatskill    red   sand- 
stone group  with  Ohemung.    (  Amer.  Jour.  Sci.,  ( 3 ),  vol. 
XXXV,  pp.  61-62,  New  Haven,  1888.^    The  equivalency  of 
the  Ohemung,  Marshall  (Ohio),  Backford,  Burlington  and 
Ohouteau  strata  discussed,  and  that  they  are  all  Oarbonifer- 
ous is  held. 

Winchell,  Alexander.  Marshall  group  ;  a  memoir  on  its  geo- 
logical position,  characters  and  equivalencies  in  United 
States.  ( Proc.  Am.  Philosophical  Soc,  vol.  xi,  pp.  57-83» 
Philadelphia,  1869.)  Beferences  to  the  correlation  of  the 
Kinderhook  rocks  of  Missouri  are  given. 
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Winchell,  N.  H.]  UDii  of  geological  mapping  for  state  sor- 
veys.  ( American  Oeologist,  vol.  xt,  pp.  44-47,  MiDneapo- 
lis,  1893 )    DiBcasses  the  Missoari  sheets  in  particular. 

Winslow,  Arthur.  Admioistrativo  report.  ( Missonrl  Geo- 
logical Survey,  Bull.  l^o.  1,  pp.  1-13,  Jefferson  Oity,  1890.) 
Brief  statement  of  the  organization  of  the  survey. 

Winslow,  Arthur.  Biennial  report  of  state  geologist,  IraDS- 
mitted  by  the  bureau  of  geology  and  mines  to  thirty-sixth 
general  assembly.  ( Missouri  Qeol.  Sur,  Pamphlet,  53  pp., 
Jefferson  City,  1891.)  Consists  of  an  historical  sketch  of 
the  progress  of  geological  work  in  the  state,  and  a  report 
of  the  recent  progress. 

Winslow,  Arthur.  Biennial  report  of  state  geolofj^ist,  trans- 
mitted  by  the  bureau  of  geology  and  mines  to  thirty-sev- 
enth general  assembly.  ( Missouri  Qeol.  Sur.,  Pamphlet, 
37  pp.,  2  plates,  Jefferson  Oity,  1893.)  Consists  of  admin- 
istrative report  of  the  work  of  the  present  survey  to  date. 

Winslow,  Arthur.  Coal  measures  of  Missouri.  (U.  S.  Oeol. 
Sur.,  Mineral  Resources,  1892,  pp.  429  436,  Washinfi^ton, 
1893.)    Short  descriptive  sketch. 

Winslow,  Arthur.  Coal  beds  of  Lafayette  county.  (Mis- 
souri Geological  Survey,  Bull.  No.  1,  pp.  14  21,.  Jefferson 
City,  1890.) 

Winslow,  Arthur.  Geologic  history  of  Missouri.  (  American 
Geologist,  vol.  xv,  pp.  81-89,  Minneapolis,  1895.)  A  brief 
sketch  of  the  probable  sequence  of  events. 

Winslow,  Arthur.  Geological  surveys  in  Missouri.  ( Journal 
Geology,  vol.  ir,  pp.  207-221^  Chicago,  1894.)  A  summary 
of  the  official  geological  work  done  in  the  state  from  the 
organization  of  the  first  survey. 

Winslow,  Arthur.  Illustration  of  flexibility  of  limestone.  (Am. 
Jour.  Sci.,  (3),  vol.  XLiii,  pp.  133134,  New  Haven,  1892.) 
A  slab  in  the  cemetery  at  Jefferson  City  has  bent  from  its 
own  weight,  having  been  supported  at  the  ends,  so  that 
if  continued  it  would  form  a  circle  of  40  feet  radius. 
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Winslow,  Arthur.  Lead  and  zino  deposits.  (Alissoari  Geo- 
logical Survey,  vol.  vc,  387  pp.,  12  plates,  Jefferson  City, 
1895.)  Tliis  volame  forms  the  first  half  of  the  report  which 
has  been  divided  into  three  parts.  The  first  portion  con- 
tains an  historical  sketch  of  the  metals,  and  a  summary  of 
what  is  known  of  them  in  all  coantries  of  the  globe. 
Particular  attention  is  given  to  the  lead  and  zinc  produc- 
ing districts  of  North  America  with  which  the  Misjsiouri 
product  is  brought  into  competition.  A  chapter  is  also 
devoted  to  the  metallurgy  of  the  metals,  and  the  various 
processes  are  described  with  sufficient  minuteness  for  all 
practical  purposes.  Concise  tables  of  the  production  in 
the  United  States  are  also  given  in  this  connection, 
together  with  the  prices. 

The  second  part  outlines  the  history  of  mining  in 
Missouri,  and  the  general  geology  of  the  southern  half  of 
the  state.  The  development  of  the  mining  in  the  state  is 
traced  from  the  time  of  the  earliest  explorations.  The 
physical  characters  of  the  lead  and  zinc  regions  are 
described  at  length.  The  geological  formations  contain- 
ing the  metals  under  consideration  are  referred  to  in  a 
general  way,  and  considerable  detail  entered  into  in  the 
case  of  the  most  important  localitiCR.  The  lithological  dif- 
ferences are  compared  and  some  of  the  salient  structural 
features  pointed  out.  Under  ore  deposits  is  a  full  con- 
sideration of  the  distribution,  the  form,  structure  and  com- 
position of  the  ore  bodies,  their  manner  of  formation  and 
the  origin  of  metalliferous  veins.  Ooncerning  the  latter 
topic,  the  various  theories  are  set  forth  and  their  applica- 
tion to  Missouri  deposits  clearly  given.  Smelting  and 
manufacturing  receive  the  attention  they  demand,  and  full 
statistics  are  given  regarding  the  production  of  the  two 
metals  in  Missouri,  the  prices  received  from  year  to  year, 
and  the  total  output  of  the  various  counties. 

The  third  part  is  an  account  of  the  Missouri  mines, 
with  a  systematic  and  detailed  description  of  the  important 
developments  and  occurrence  of  lead  and  zinc.     Three 
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districts  are  recognized :  The  sontheastern,  the  central 
and  the  sonthwestern.  Here  is  incorporated  all  the 
detailed  information  concerning  the  varioas  camps.  Many 
of  these  are  mapped  and  the  workings  of  typical  individual 
mines  plotted. 

Winslow,  Arthur.  Lead  and  zinc  deposits.  (Missouri  Geo- 
logical Sarvey,  vol.  vii,  401  pp.,  28  plates,  3  maps,  Jeffer- 
son Oity,  1894.)  Forms  the  second  section  of  the  report. 
Contains :  Chapter  X,  general  geology.  Chapter  XI,  geo- 
logical history  of  southern  Missouri.  Chapter  XII,  general 
discussion  and  description  of  ore  deposits.  Chapter  XIII, 
industries  and  statistics  of  lead  and  zinc  in  Missouri. 
Chapter  XIV,  mines  of  the  sonthwestern  district.  Chapter 
XV,  mines  of  the  southeastern  district.  Chapter  XVI, 
mines  of  the  central  district.  Appendix  A,  Study  of 
cherts  of  Missouri;  by  E.  O.  Hovey.  Appendix  B, 
Methods  of  analysis ;  by  J.  D.  Robertson. 

Winslow,  Arthur.  Missouri  coal  measures  and  conditions  of 
their  deposition.  ( Bull.  Oeol.  Soc.  America,  vol.  in,  pp. 
109121,  Rochester,  1892.)  The  general  geology  of  the 
region  and  the  manner  of  coal  formation  are  described. 

Winslow,  Artliur.  Missouri  lead  and  zinc  deposits.  (  Trans. 
Am.  Inst.  Min.  Eng.,  vol.  xxiv,  pp.  63i-689,  1895.) 

Winslow,  Artliur.  Notes  on  lead  and  zinc  deposits  of  Missis- 
sippi valley,  and  origin  of  the  ores.  ( Journal  Geology, 
vol.  I,  pp.  612  619,  Chicago,  1893.) 

Winsiow,  Artliur.  Osage  river  and  its  meanders.  (  Science, 
vol.  xxii,  pp.  31-32,  New  York,  1893.) 

Winslow,  Artliur.  Preliminary  report  on  coal  deposits  of 
Missouri.  (  Missouri  Geological  Survey,  vol.  i,  227  pp.,  1 
map,  Jefferson  City,  1891.)  Contents:  Chapter  I,  coal  meas- 
ures, their  distribution,  topography,  lithology  and  strati- 
graphy ;  the  process  of  deposition.  Chapter  II,  coal  beds, 
their  distribution  and  character ;  the  conditions  restricting 
distribution  and  availability.  Chapter  III,  coal  industry, 
the  coal  production  and  market;  the  uses  and  adaptabili- 
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ties  of  the  coals ;  the  available  coal  tonnage  and  the  value 
of  coal  and  coal  lands.  Chapter  lY,  systematic  descrip- 
tion by  counties  of  coal  beds  now  operated,  including  57 
counties.  Appendix  A,  notes  on  coal  mining  in  thin  coal 
beds.    Appendix  B,  list  of  coal  operators  of  Missouri. 

Winslow,  Arthur.  Beport  on  Higginsville  sheet,  Lafayette 
county.  ( Missouri  Geological  Survey,  vol.  ix,  Sheet  No. 
1,  100  pp.,  1  map,  Jefferson  Oity,  1892.)  Contents :  Intro- 
duction, including  area,  railways,  towns,  industries ;  phy- 
siography, including  topography,  hydrography,  soils  and 
forestry  ;  geology,  including  stratigraphic,  structural  and 
economic  geology,  the  latter  embracing  coal,  building 
stones,  clays  and  shales. 

Winslow,  Arthur.  Beport  on  the  Iron  Mountain  sheet,  in- 
cluding portions  of  Iron,  St.  Francois  and  Madison  coun- 
ties. (  Missoari  Qeologieal  Survey,  vol.  ix.  Sheet  No.  3, 
97  pp.,  5  pis.,  and  map,  Jefferson  City,  1894.)  Contents : 
Introduction,  including  area,  railways,  towns,  industries ; 
physiography,  including  topography,  hydrography,  soils  and 
forestry;  geology,  including  the  Archean  rocks,  the  Algon- 
kian  rocks,  the  Paleozoic  rocks,  dynamical  and  economic 
geology,  the  latter  embracing  iron  ores,  building  stones, 
clays,  sand  and  lead  ores. 

Winslow,  Arthur,  and  C.  F.  Marbut.  Mapping  of  Missouri. 
(Trans.  St.  Louis  Acad.  Sci.,  vol.  vi,  pp.  57-99,  St.  Louis, 
1892.) 

Winslow,  Arthur,  and  Leo  Gluck.  Notes  on  coal  mining  in 
thin  coal  beds.  ( Missouri  Geological  Survey,  vol.  i,  pp. 
173-186,  Jefferson  City,  1891.) 

Wisconsin  and  Missouri  lead  region.  J.  T.  Hodge.  (Am. 
Jour.  Sci ,  ( 1 ),  XLlii,  35-72,  1842.) 

Wislizenus,  A.  Memoir  of  tour  to  northern  Mexico,  con- 
nected with  Col.  Doniphan's  expedition,  in  1846  and  1847. 
(Thirteenth  Congress,  Ist  Sess.,  Senate  Misc.  Doc.  No.  26, 
1848 )    This  tour  was  commenced  at  St.  Louis  in  1846. 
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Wolfe,  M.  L.  First  anDnal  report  of  state  mine  iDspector. 
(l^iDth  AnD.  Bep.  Labor  Oom.,  pp.  177-268,  Jtfferson  City, 
1^87.)    Incidental  references  to  geology. 

Wolfe,  M.  L.  Second  report  of  state  mine  inspector.  (Tenth 
Ann.  Bep.  Bureau  Labor  Statistics,  pp.  59-125,  Jefferson 
Oity,  1889.)    Incidental  references  to  geology  of  the  state. 

Wolfe,  M.  L.  Third  annnal  report  of  state  mine  inspector. 
(Eleventh  Ann.  Bep.  Labor  Com.,  pp.  447-517,  Jefferson 
City,  1889 )    Incidental  references  to  Missoari  geology. 

Woods  of  eastern  Arkansas,  tertiary  silicified.  B.  E.  Gall. 
(  Am.  Joar.  Sci.,  (3),  xvii,  390  401, 1891.) 

Woodson,  C.  C.  Beport  of  state  mine  inspector.  (  Eleventh 
Ann.  Bep.  Labor  Oom.,  pp.  447  517,  Jefferson  City,  1S89.) 
Incidental  references  to  geology. 

Woodson,  C.C.  Beport  on  coal  mines  (Bifth  Annual  Bep. 
State  Mine  Inspector,  pp.  1-118,  Jefferson  Oity,  1891.)  In- 
cidental reference  to  coal  deposits. 

Woodson,  C.  C.  Beport  on  coal  mines  ( Sixth  Ann.  Bep.  State 
Mine  Inspector,  pp.  1-181,  Jefferson  Oity,  1892)  Many  in- 
cidental allusions  to  geology  of  coal  regions. 

Woodward,  A.  E.  Mineral  waters  of  Henry,  St.  Olair,  Johnson 
and  Newton  counties.  (  Missoari  Geological  Survey,  Ball. 
No.  3,  pp.  8510 1, 1  plate,  Jefferson  Oity,  18€0.) 

Woodward,  A.  E.  Mineral  waters  of  Saline  county.  ( Mis- 
souri Geological  Survey,  Bull.  No.  1,  pp.  45-59,  Jefferson 
Oity,  1890.)  A  description  of  the  principal  springs  and 
tables  of  chemical  analyses  of  the  waters. 

Woodward,  R.  S.  Latitudes  and  longitudes  of  certain  points 
in  Missouri,  Kansas  and  New  Mexico.  ( U.  S.  Geol.  Sar.f 
Bull.  49,  133  pp.,  1888.) 

Worth  County. 

Goal  beds.    A.  Winslow.     ( Missouri  Geol.  Sur.,  i,  100, 

1891.) 
Dictionary  of  altitudes.    0.  F.  Marbut.    (  Missoari  Geol. 

Sur.,  vill,  225-316,  1895.) 
Formation  of  quaternary  deposits.    J.  E.  Todd.    (  Missoari 
Geol.  Sur,  x,  143,  1896) 
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Mineral  waters.    P.  Schweitzer.    (  Missoari  Oeol.  Bar.,  iii, 
283  pp.,  1892.) 

Worthen,  A.  H.  Abstract  of  '^Review  of  aome  points  in  Dr. 
B.  F.  Shnmard's  Report  on  geology  of  Ste.  Genevieve 
county,  Mo.''  ( Trans.  St.  Loais  Acad.  Sci.,  vol.  i,  pp.  696- 
698,  St.  Loais,  1860.) 

Worthen,  A.  H.  Description  of  fossil  invertebrates.  (Illinois 
Oeol.  Sar.,  vol.  viii,  pp.  69-154,  Springfield,  1890.)  Species 
from  Missoari  are  described  and  figured. 

Worthen,  A.  H.  Sab-carboniferoas  limestone.  (Illinois  Oeol. 
Sur.,  vol.  I,  pp.  77-118,  Springfield,  1866)  Frequent  ref- 
erences to  the  rocks  in  Missoari. 

Worthen,  A.  H.,  F.  B.  Meek  and.  Oontributions  to  paleontol- 
ogy of  Illinois  and  otber  western  states.  (Proc.  Acad.  Nat. 
Sci.,  Phila.,  1865,  pp.  245-274,  Philadelphia,  1865.)  Missouri 
species  are  described. 

Worthen,  A.  H.,  F.  B.  Meek  and.  Oontributions  to  paleon- 
tology of  Illinois  and  other  western  states.  ( Proc.  Acad. 
Nat.  Sci.,  Phild.,  1866,  pp.  251-276,  Philadelphia,  1866.) 
Missoari  forms  are  described. 

Worthen,  A.  H.,  F.  B.  Meek  and.  Description  of  inverte- 
brates from  carboniferous  system.  (Illinois  Oeol.  Sur., 
vol.  IT,  pp.  143-423,  Springfield,  1866.)  Fossils  from  Mis- 
soari localities  are  noted. 

Worthen,  A.  H.,  F.  B.  Meek  and.  Descriptions  of  inverte- 
brates from  carboniferous  spstem.  (Illinois  Oeol.  Sur., 
vol.  y,  pp.  321-619,  Springfield,  1875.)  Missouri  fossils 
described. 

Worthen,  A.  H.,  F.  B.  Meek  and.  Descriptions  of  new  crin- 
oidea  from  carboniferous  rocks  of  Illinois  and  adjoining 
states.  (Proc.  Acad.  Nat.  Sci.,  Phila.,  1865,  pp.  155167, 
Philadelphia,  1865)     Fossils  from  Missouri  described. 

Worthen,  A.  H.,  F.  B.  Meek  and.  Descriptions  of  new  paleo- 
zoic fossils  from  Illinois  and  Iowa.  (Proc.  Acad.  Nat. 
Sci.,  Phila.,  pp.  128-149,  Philadelphia,  1861.)  Missouri 
species  are  described. 
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Worthen,  A.  H.,  F.  B.  Meek  and.  DescriptioDS  of  new  species 
of  crinoidea  from  paleozoic  rocks  of  Illinois  and  adjoining 
states.  ( Proc.  Acad.  Nat.  Sci.,  Phila.,  1865,  pp.  143-156, 
Philadelphia,  1865.)    Forms  from  the  state  are  noted. 

Worthen,  A.  H.,  F.  B.  Meek  and.  Paleontology  of  Illinois. 
(Illinois  Qeol.  Snr.,  vol.  iii,  pp.  289-565,  Springfield,  1863.) 
Missouri  species  described  and  illastrated. 

Worthen,  A.  H.,  F.  B.  Meek  and.  Remarks  on  age  of  Oonia- 
tite  limestone  at  Bockford,  Indiana,  and  its  relations  to 
the  "black  slate,"  of  the  western  states,  and  to  some  of 
the  succeeding  rocks  above  the  latter.  ( Am.  Joar.  Sci., 
(2),  vol.  xxxiT,  pp.  167-178,  New  Haven,  1861.) 

Worthen,  A.  H.,  J.  S.  Newberry  and.  Descriptions  of  fossil 
vertebrates.  (Illinois  Geol.  Snr.,  vol.  iv,  pp.  343-374, 
Springfield,  1870.)    Missoari  forms  noted. 

IVorthen,  A.  H.,  J.  S.  Newberry  and.  Descriptions  of  new 
species  of  vertebrates,  mainly  from  sab-carbooiferoas 
limestone  and  coal  measures  of  Illinois.  ( Illinois  Geo). 
8nr.,  vol.  ii,  9-141,  Springfield,  1866 )  Species  described 
from  Missouri. 

AVorthen,  A.  H.,  O.  St.  John  and.  Descriptions  of  fossil 
fishes.  (Illinois  Qeol.  Sar.,  vol.  Vi,  pp.  243  481,  Spring- 
field, 1875.)     Missonri  species  are  described. 

Worthen.  A.  H.,  O.  St.  John  and.  Description  of  fossil 
fishes.  (Illinois  Geol.  Sar.,  vol.  vir,  pp.  53-264,  Spring- 
field, 1883.)  Nnmerons  species  are  described  from  Mis- 
soan. 

Worthen,  A.  H.,  O.  St.  John  and.  Descriptions  of  fossil  ver- 
tebrates. ( Illinois  Geol.  Snr.,  voK  vii,  375  pp.,  Spring- 
field, 1883.)     Mifisoari  species  are  described. 

"Wright  County. 

Cherts  of  Missoari.    £.  O.  Hovey.    (  Missoari  Geol.  Sar., 

\ii,  727-739, 1894.) 
Dictionary  of  altitndes.     C.  F.   Marbat.    (Missonri  Geol. 

Sar.,  VIII,  225-316,  1895.) 
Geological  description.    B.  F.  Shamjird.    ( Geol.  Snr.  Mis- 
souri, 1855-71,  205-212,  1873.) 
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Lead  and  zinc  deposits.    A.  Winslow.    ( Missouri  Oeol. 

Sar.,  VII,  401  pp.,  1896.) 
Wright,  G.  F.      Glacial  boandary  in   western   Pennsylvania, 
Ohio,  Eentneky,  Indiana  and  Illinois.    (  American  Oeolo- 
gist,  vol.  VI,  pp.  390-391,  Minneapolis,  1890.)    Describes 
the  distribation  of  till  near  the  glacial  margin  from  New 
England  to  Missonri. 
Wright,  G.  F.      Glacial  boundary  in   western  Pennsylvania, 
Ohio,  Kentucky,  Indiana  and  Illinois.    (  TT.  S.  Geol.  Sur., 
Bull.  53.  pp.39110,  1890.)    Remarks  on  the  till  near  the 
margin  from  New  England  to  Missouri. 
Yandell,  L.  P.     Distribution  of  crinoidea  in  western  states. 
(Proc.  Am.  As.  Adv.  8ci.,  vol.  V,  pp.  229-235,  1851.)     Inci- 
dental references  to  species  in  Missouri. 
Zinc. 

Composition  of  cleansed  ores  of  lead  and  zinc  at  Aurora, 

Missouri.    H.  G.  Spencer.   ( Bull.  Missouri  Min.  Olub., 

I,  28-32,  1895.) 
Composition  of  cleansed  ores  of  southwest  Missouri.     H. 

G.  Spencer.    (  Bull.  Missouri  Min.  Club,  i,  No.  2,  50- 

51,  1895.) 
Contributions  from  laboratory  of  school  of  mines.    C.  P. 

Williams.    (  Missouri  State  Univ.,  Ann.  Kep.  for  1875, 

195  208,  1876.) 
Contributions  from  laboratory  of  Missouri  school  of  mines 

and  metallurgy.    C.  P.   Williams.     (Missouri   State 

Univ.,  Ann.  Rep.  for  1876,  197-212,  1877.) 
Forms  and  origin  of  lead  and  zinc  deposits  of  southwest 

Missouri.    A.  Schmidt.    (Trans.  St.  Louis  Acad.  Sci., 

Ill,  246-253,  1874.) 
Genesis  of  ore  disposits.    F.  Posepny.    ( Trans.  Am.  Inst. 

Min.  Eog.,  XXIII,  197-366,  1894.) 
Industrial  report  on  lead,  zinc,  and  iron.    0.  P.  Williams. 

(Geol.  Sur.  Missouri,  177  pp.,  1877.) 
Lead  and  zinc  deposits.    A.  Winslow.    (Missouri  Geol. 

Sur.,  VI,  387  pp.,  1895.) 
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Lead  aud  zino  deposits.    A.  Winslow.    (Missoari   Geol. 

Bar.,  Yii,  401  pp.,  1895.) 
Lead  and  zinc  deposits  of  Mississippi  valley.     W.  P.  Jen- 

ney.    ( Trans.  American  Inst.  Mining  Eng.,  xxii,  171- 

225,  1894.) 
Lead  and  zino  regions  of  soathwest  Missouri.    A.  Schmidt 

and  A.  Leonhard.    ( Geol.  Snr.  Missouri,  Bep.  1873-74, 

I,  381-502,  1874.) 
Mines  of  Garterville,   Jasper  connty,  Missoari.      G.    C. 

Broadhead.    (Kansas  Oity  Bev.  Sci.  and   Ind.^   viii, 

70-72,  1884.) 
Missouri  lead  and  zinc  deposits.    A.  Winslow.     (Tranp. 

Am.  Inst.  Min.  Eog ,  xxiv,  634  689, 1895.) 
Missouri  lead  and  zinc  deposits.   J.  D.  Robertson.  ( Ameri- 
can Geologist,  XY,  235-248,  1895.) 
Missonri  zinc  ores  and  their  prodacts,  with  some  miacel- 

laneons  analyses.    0.  P.  Williams.    (  Missoari   State 

Univ.,  Ann.  Rep.  for  1874,  149*159,  1875.) 
Notes  on  ferrogoslarite,  a  new  variety  of  zinc  sulphate 

H.  A.  Wheeler.    (Am.  Jonr.  8ci.,  (3),  xlt,  212,  J 891.) 
Notes  on  lead  and  zinc  deposits  of  Mississippi  valley  and 

origin  of  ores.    A.  Winslow.    (Jonrnal  Geology,  i, 

6  J  26 19,  189.3.) 
Notes  on  mineralogy  of  Missonri.    A.  Y.  Leonhard.  ( Trans. 

Acad.  Sci.  St.  Louis,  iv,  440-453,  1884.) 
Occurrence  of  blende  in  lignite.    H.  A.  Wheeler.    (Trans. 

St.  Loais  Acad.  Sci.,  vii,  123-125,  1895.) 
Origin  of  Iowa  lead  and  zinc  deposits.    A.  G.  Leonard. 

(  American  Geologist,  xvi,  288-294,  1895.) 
Preliminary  descriptive  catalogae  of  systematic  collection 

in  economic  geology  and   metals  in   U.   S.  national 

museum.     F.  P.  Dewey.    ( U.  S.  Nat.  Museum,  Boll. 

42,  177  pp.,  1891.) 
Preliminary  report  on  principal  mines.    A.  Litton.     (  Mis- 
souri Geol.  Sur.,  1st  and  2nd  Ann.  Repts.,  pt.  ii,  l-94» 

1855) 
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Report  of  Dr.  W.  P.  Jenney.    W.  P.  Jenney.    (  U.  S.  Geol. 

Sur.,  11th  Add.  Kept.,  80-81, 1891.) 
Zinciferous  clays  of  southwest  Missouri  and  a  theory  as  to 
the  growth  of  the  calamine  of  that  section.    W.  H. 
Seamon.    ( Am.  Jour.  Sci.,  ( 3 ),  xxxix,  38-42, 1890 ) 

Zinc  deposits  of  Mississippi  valley.  W.  P.  Jenney.  (Trans. 
American  Inst.  Mining  Eng.,  xxii,  171-225,  1894.) 

Zinc  deposits  of  Mississippi  valley  and  origin  of  the  ores, 
notes.    A.  Win  slow.    (Journal  Geology,  i,  612  619, 1893.) 

Zinc  ores  and  their  products,  with  some  miscellaneous  analy- 
ses, Missouri.  0.  P.  Williams.  (Missouri  State  Univ., 
Ann.  Rep.  for  1874,  149-169,  1876.) 

Zinc  regions  of  southwest  Missouri.  A.  Schmidt  and  A.  Leon- 
hard.  (Oeol.  Survey  Missouri,  Bep.  1873-74,1,381-502, 
1874.) 

Zinciferous  clays  of  southwest  Missouri  and  a  theory  «s  to 
growth  of  calamine  of  that  section.  W.  H.  Seamon.  (Am. 
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